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INTRODUCTION - ' ' . 

\r . 

Children .who. have been- in .the MINNEMAST program since 
kindergarten have had a great deal of experience in observing 
and describing the properties of objects. They have given • 
verbal, qualitative descriptions of the properties , and fre- 
fluently they have quantified their observations by measure- ^--^ 
ments of such properties as length, area, volume and weight. 

This unit brings in a new^ consideration — the studdnt;^ will, 
now fqcus on the properties of the material of which an object 
MS compo^etjd rather than on the properties of the, object itself, 
io introduce the idea, the children will first take apart use^ 
l^ss objects brought from horhe, ^3;hey will be able to identify 
a number\of materials that are already familiar; such as cloth,, 

j^jlass, leather, rubber and wood. However, they will encoun- 
ter cfther materials that they cannot.jdentify with any degree ^ 
of certainty These doubts show the need: for setting up tests 
that will h61p'|:o distinguish one material from another. 

The lessons ane designed to teach^ome of the ways a mate-- 
-riaj may be idi^intified by its properties. The children will 
r learn to test metals and minerals fqr the property of hardness. 
They will find ouj how to separate inks and food colorings 
into the compopent colors,' The children will also learn to ^ 
identj)fy*^:^me minerals by the property of crystal shape and - 
by the jfroperty^of shape retention after cleavage. Finally, 
^hey wii'huse solubility and chemicaj reaction as properties 
that a material m'ay have. ^ 

'Science and mathematics are well -'coordinated in this unit. 
'The mathematical concepts include intersection of sets, 
measurement of angles,. and measurement and graphing of • 
weight and volume. The children will particularly enjoy 
using their new transparent protractors to measure the angles 
'on the models of crystal shapes they c'ons true ted. 

The concluding lesson of the unit gives the children oppor- 
tunities^ to use their experimental skills in identifying a 
variety of unknown white substances. Theyjpompare their ' 
new data from this 'activity with previous findings. Thus, 
the lesson also s'erves as a review and ^valuation of what 
the children have learned. . . 

-I r> 



As in the photograph above, children should always be 
gathered closely around the teacher for demonstrations 
:ind discussions of experimental procedure. 
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SECnON 



PURPOSE 



INTRODUCING SOME PROPERTIES OF MATERIALS 



. - To- lead the children toward the idea that, although the 
properties o&some piaterials are easily observed and 
identified, others may require special tests or techniques. 

- .To introduce a number of materials the children will inves- 
tigate in other sections of the unit. ' ' 

COMMEj^TARY " ' ' . 




' In Lesson i the children take apart a number^of Tiisc.arded^ 
useless- objects in order to sort the various parts abcording . 
to the materials of which they are made. Eventually the^'chil- 
dren discover that some materials* are not easily differentiated 
by observation, but may require special tests for correc^jlden- 

_tification. ^ . • . - i ^ . ' ' ^ 

In Lesson 2 the children are presented with a variety pf mate^- 
, rials that they will use later in -the unit. Sdme'^of these 
materials cannot be identified easily or distinguished from 
one another. This jnotivates thp children to^ learn some of 
the tests that scientists us.eto identify materials. ' ; 

• r ' ^- :i ^ / 

Teaching time |or this section should be about two class" . / 
periods, ' 



Lesson 1: WHA T KIND OF MATERIAL? ■ 

Near the end' of Unit 25, letters were sent home to the parents 

■ ' asking the .children to bring discarded, broken toys and other 

useless articles to school. The letters also requested the 

■ children to bring tools .suQh as files, pliers, screwdrivers, and 
hammers. for use in this lessoni If the children have not brought 

• these things, ask them to do so now. When you -have collect- 
ed one -or two worthless objects per child, you are ready for- ; 
the lesson. If the children have not brought- enough tools, 
you may wish to borrow some- from the school custodian i 

In Activity A the children examine the^materials in the.colfec- 

tion ot discarded articles and name an ludiiy m dleuals ab lhey_ 

recognize. Theri two children are asked to make subsets from 
the set of all objects. One child makes a subset with objects 
contafhing wood.. The other child makes a subset vyith objects 
containing -metal. The. class:.soon discovers that s,ome of the 
objects -belong in the intersection of the tw6 subsets because 
these objects contain both metal and wood.- The question - 
- ■ then arises ,-"'What can vve do to the objects so th^t we ki-U. 
have only wooderi material in one subset and only metal mate- 
rial in the other?" The answer, of course, is to break- the 
objects apart.; . , ^. 

Ii^tivity B the children use the tools to separate t^e mate- 

■ rilR"inthe objects into subsets such as wood, metal, - 
plastic* cloth; leather, glass,. e.tc-... Then, in show-and-tell 
fashion, they discuss- the properties' of e^ch sujSset of.mate- 

. . rials. During these, discussions you will have oppdrtunities- 
to ask the key questions, "How can. we be sure this material 
really belongs in this subset? Doesn't it have the same 
apparent properties as this' other material? " . Fof example-, . 
when a child is describing the properties of a rigid, trans- 
parent, thin piece of plastic, you might ask him how he can 
•be sure the material is plastic and not glass,, sinoe both ^ ^ 

■ seem to have the same properties; Such questions lead the 
children to realize that they need spnje scientific tests" to -. 
disfcoVer differences in the properties' of Jhe..materiQls..;in 

• ' . order to classify them correctly. ' > 

This lesson should be taught in a very informal manner so 
that tne children enjoy th^ activities while at the same time 



they becom^/'interesjted in the properties, of the materials". 
It Is necessary to establish some ground rules for using the 
tools. Let the children help form these rules and discuss 
the necessity for them. ^ • 



MATERIALS 



- broken discarded toys and, other useless articles (brought 
by -the children) , . ^ * 

--tools such as files, pliers, screwdrivers and hammers 

(brought by the children or borrowed from the school 

custodian) " ^ 7 



- painted metat»scissors 

- old magazines or thick newspapers tV) protect the floor 
from hammers . ' \ ^ , 

- 2 pieces of yarn.or ^^trmS/ each about 10 feet loYig 
(optional). 



PREPARATION ' 



label tpols^ brought by the children so that they can be 
returned to the rightful owners a> th§ eixd "bi the. lessbn* 



PROCEDURE 



Activity A 



Clear a large' area of the classroom floor. Dicing out the col- 
lection of 'worthlQss objects ^hd put them -In a big pile at the - 
center- pf the cleared area. Have the children gather around. - 
"the pile. Explain that they are going to concentrate on the . 
materials of which things are^made> rather than onjthe objects 
themselves; . Give the childrei) a few minutes to examine and 
dlscuss.the: object^. 'Ask them to name some of the materials 
they recognize, siieh as cloth ^ v£las^y^_gic^^^^ rubber, wcjod. 
and .metal. Xist ^hese materials on the chalkboard;. 

Now ask the children to think of ways to sort the large pile 
of "^objects Info subsets. The children may suggest -such Ideas 
as sorting by color or former use of the objects, etc. Let them 
discuss the se" possibilities without doing thQ sortings-. If ho 
.child suggests sorting the/obje.cts by the kind of jnriateri^Lln 



them , remind the class that the purpose of this unit is to 
investigate ma'terials , not objects . 

Wher> a child does suggest sorting by material, assign one 
child to make a subset of objects containing wood. Ask_ 
another child to make a subset of objects containing metal. 
Have the- rest of the class observe the sorting closely. The ^ 
"chUdren should raise theiir hands if they disagree with the 
■ ploc^^ntentof any object. Sooner or later the problem of 
placing an olTject-lhat contains both wood and metal should 
arise. When it does7 a~sk:^.^ - " 

BOTH WOOD AND METAL?' SHOULD WE PLAC^-IT-JN THE 
WOOD SUBSET OR IN THE METAL SUBSET? 

Let the children speculate ancf" make suggestions. Eventually- 
they should see that ther<object belongs in both subsets. One 
way oTshowing this is to use two pieces of yam'to f orrti Vehn 
diagrams like the. following; on the floor:" ^ _ ... 



V 




Eicpl'ain to the children that objects containing more, than one 
material would always haWlxrbe-placed-rin-the intersection 
of subsets. Ask t^iem to look at the pile of :objec?ts and notice 
that many of the objects would "belong dh intersections of 
-var-ious- subsets,— Then- sa-y: -~ - - . 

* WHAT GOULD WE DO TO THESE^OBJECTS SO THAT WE 
COULD HAVE ALL-V\^O0D IN ONE SUBSET AND ALL METAL 
' ■ IN ANOTHER? ^ ■' - . > ■ ' ' ^ " \ ' 



The children will see that to eliminpite the intersection of 
subsets they will have to take the objects apart, which is 
what they will do in the next activity* 



Activity's " " , 

Remove the yarn from the floor and push the metal ^nd wood 
objects back into the-original pile. Bring out the tools and . 
ask the children to help you make up some rules for their use. 
They should help you establish a few simple safety precautions, 
' such as these: , • 



1. The^files are pointed and should be handled^ carefully to 
:*avoid injuring a child, the furniture or the floor. 

2. A buffer, such as magaziriea or thick newspaper, is nec- 
essary. under objects being pounded with a hammer so that 
the floor vail not be damaged.. ' ' 



"3..rGlcrss^ sh~oald n~6t be broken, with, hammers or with any other 
tools. It should be separated from the other materials in 
an pbject;^ only if this can be done easily with "th6 .hands . 
JCJhildren'who are working with glass should be closely" 
^ supervised^,.,^^^ ' • 

When the children understandTlhe-^rule^, divide the class into, 
♦groups of. four or five.and^assign one maten^i^to^e,^^ group. 
You may wish to use the mateji^ls previously listed onTthe 
chalkboard^ Instruct the chilciren to take one object at a time 
ffom the pile, remove the material they a^re looking for, and 
then return the remainder to the pile so .the others can take 
materials from it. / ^ ^ 

Li^t the -children work with the tools untilwost of the objects 
in the pil^ have been separated and the materials classified 
into subsets. Collect the tools. 

Ask each, group td; select a spokesman to describe the proper- 
ties of the group's material. Durin^'these descriptions, 
challenge the sortings ' with questions that will cause the . 
children to realize that sometimes observation alone does not 
reveal enough' properties for correct classiftcatioh. Lead the 
children to see the need for tests to discover hidden proper- 



ties of some materials. Fpr exalnple, if a child is describing ^ 
the properties of his groupCs'.material (e.g. plastic) as '"hard, 
easy to see through, and thin/'* ask: , / * ^ 

HOW CAN YOU BE SURE THAT THIS MATERIAL IS NOT 
GLA'SS? ^ , 

Jf another piece of pl.astic looks like rubber, ask the children 
in the group about that. Some plastics also look and feel very 
much like wood or leather — how can the children be sure 
which ^material it really is? 



NOTE: Iri discussing the subsets your questions should bring 
out the, need for better identification of some materials.' .Lead 
the children to the- idea that they could discover more proper- 
ties of a material and learn to distinguish one Kind of material 
froni another if they knew more ways of testing materials. En- 
cotirage them to think about .ways of testing for properties in 
these materials. - ^ ' . " 

When the discussions^ are ended, dispose of the materials in - 
hny way you wish. The children may want to take .many of 
the battered objects home% tf they do not, have the custodian 
dispose of them. At'this time, send home. the borrowed tools. 
Tell the children that lathe next lesson they will get a pre- 
view of some of the rr^aterials they will use in this unit. 

V 



Lesson 2: PRE\aEWING AND SORTING MATERIAI5 



This lesson introduces many of the materials that will be used 
in the unit. Each group of" four or five children receives a 
tray of materials to sort into subsets. The materials for the 
different groups need not'be identical,, but should Include a 
few each of the minerals, metals/ liquids and white sub- 
stances listed below. The groups should decide for them-* 
selves by which properties they vyill sort the sets of mate- 
• rials into subsets. The children in one group^ight decide, 
for example, to sort the materials into liquid and .non-liquid 
-^stassetsr"--^ffeh they might wish to divide the non-liquid sub- 
set into more subsets according to the propertie's of color or 

^ hardness. Encourage the children to use their senses of 

sight and touch to identify each kind of niateriaU Ask them 
to be careful when smelling the various materials, because 
. a deep inhalation of some substances could be dangerous. 
Do not permit the obildren to taste^any of thg materials at 
any time. ■ Let them refer to the minerals as "rocks" in this 
lesson they willjearn" the distinction in the next lesson. 

'After the chlldren^have separated thS materials into subsets 
such as. metals, rocks, ccrlored liquids, white powders /fete. , 
they try to determine whether or not the materials in each sub- 
set are all of exactly the same kind. Since they cannot be 
sure^ Xfeemphasi^e the point made in Activity B of Lesson 1 
by asking, "What'could we do to fir\d out more- about the prop- 
erties of these materials, so that we .could tell one kind from 
another? '* The children should see that they need specific, 
tests' that/vvi 11 help them differentiate among the materials . 

MATERIALS ' ^ ' ^ 

A 4 

■ — ^ 'for each group of four or fiv.e — " - 
— tray 

- a few ^pieces of meta l . " - - 

~ a few mineral samples 

* - several iiauids such as the ink cartidges and foQd color- 
' ings * . " . ' 



- several souffl6 cups eadh containing a substance sucH as 
sugar, Epsom salt, table salt, plaster of Paris, cornstarch, 
baking soda, b§^ing powder, or any, white substance of 
similar appearand ^..^^i.^^^ 



, - magnifier 
PREPARATION 



Place the materials for the groups on trays.- All of the items 
you will need for this lessor! ar^ provided in the^third grade 
kit.- TOvthesQ you may wish to add other easily-obtained 
white substances such as flour, cream of tartar, scouring 
powder, etc. For the purposes of this lesson, It is. not nec~ 
essary to open the food colorings, nor the ink cartridges. 
Hide the top3>,of .the boxes'the minerals came in. 



PROCEDURE 



"AXitivity^A — tt ~ 



Divide the class into groups of four or five children and pro- 
vide each group with ai tray of materials. Tell the children . 
you want them to* spend some time .examining tlie materials 
with their eyes and with their hands. Encourage them to use., 
the magnifiers. Explain the deinger of sniffing things too 
closely, and emphasize especially that they must not taste 
ahy of the materials. — - ^ . 

Ask^each group to divide its set of materials into subsets by 
any properties they choose. If the children seem to ha^?e 7. 
double getting started, remind them of some of the properties 
\yith ^^hich they are already acquainted, suph as cplor., wet- 
ness,, ha^dness^, weight, size, etc. Go about the room as the 
children work.. In cases where groups have made very simple 
subsets such as liquid and non-liquid, suggest that the chil- 
dren try to sort each' subset again by another property.. When 
all groups have completed this work, call on the children- of 
each group to ej^plain what the^^ have^done. 

WHICH PROPERTY DID YOlJ^SB TO SORT YQUR-SET OF 
MATERIALS INTO YOUR FIRSTvSUBSETS? 



\ 



WHICH PROPERTY DIt) YOU USE TO SORT YOUR FIRST SUB- 
SETS INTO STILL MORE SUBSETS? 



Let the class examine and qyestion the subsets of ^ach group.^ 
Encourage such (questions as, "Why is this material in this 
subset? " and "Which of your senses did you use to observe 
this property? " 

0 

Select one subset of white powders and ask the children in 
the group whether they think all the powders are of the same 
material. They may answer that some'powders seem to have 
finer particles or feel softer than others, but they can't be 
sure about identifying the powder. Ask whether they can 
notice any differences in properties. 

Next ask one group if the objects in their metal subset are 
all made of the same material. If children try to identify the - 
metal?, focus their attention on^the properties. - 

• Go through r.his procedure with a subset of inks and of food 

— co4or-s-; 



Activity B \ 

Ask the children in each group to e.xamine their set of rocks. 

ARE ALL XHESE ROCKS .yMADE OJ THE SAME MATERIAL? 
HOW COULD WE FIND OUT?" ^ . 

Have the children discuss with you ways they might identify 
the rocks. They may suggest, that this could be^done by 
studying the^colors and shapes of the rocks. Then aslc 
whether they tl)ink two robks could be o| the same color or 
shape, but not of the same material. The children may then 
suggest comparing such properties as weight or texture. 
These are good suggestions. ,Usfe them to lead the children 
to see that perhaps, if they had hew ways of testing the 
^ materials, they could find out more about the properties of 
each, and:that this would help identification. 

fell them that in .the next few weeks the'y will/leam about 
sevef^L tests they can use to tell more about the properties 




ol-these materials. Th^^y will be learning some of the tests 
that scientists use to* d^tinguish between o^e material and 
another." Say that eventually they will be able, by testing, 
to distinguish between Sach of the metals, the'powders .,the 
inks, and the rocks. Injthe next lesson they will be con-- ' 
centra^ing on the "rocks 1". <. 

Collect the materials. Discard the powders and store the 
liquids and metals. Keep the minerals on hand for use ih the 
next lesson. 



^1 



SECTION 2 



I ,THE<tgROPERTY 'OF -HARDNESS 



PURPOSE - • ■ 

- To present a method for testing the hardness of materials; 
V • > To acquaint the children "^with a Standard scale of hardness 



us"ed in mineral identification. 



COMMENTARY 



fhis section will focus attention on the property of hardness. 
Although children have" an intuitive understanding of the prop- 
erty of hardness, the idea of using different hardnesse/s in a. 
scale will be new to them. The activities include the/develop- 
meht of a technique for comparing the hardness of two; objects; 
the ordering of minerals based on the property of hardness , 
^nd the introduction of a standard scale of hardness /{Mohs* / 
scale), .The children wijl become aware that jiaftdne^ss* is a ^- 
valid test: in the identificati-^r. of minerals. *£ater ip. Section 6, 
."The Property of Shape/' they will become familiar/ with an- 
other property used in mineral identification — that of crysta,-l 
'shape.. I 

.This section consists of two lessons. Teaching ilme should 
be from two to three class periods. , ; 



Lesson .3: TH^E .HARDNESS' OF MINERA^LS; 

In this lesson the children first learn the difference betwe.en 
minerals and most rocks. Then they Investigate five mineral 
samples and discover that some are harder than others. By 
scr^atching one mineral with another, they can determine 
which of the two is the harder. (The one that is. scratched 
is always the softer.) The children are then given a -penny, 
a soft iron nail and a clay tile to^arrange in order of hard- 
ness with their mineral samples v They also determine the ■ 
relative hardness of the metal in the scissors. 

When the groups have completed their orderings, the entire ^ 
class participates in ordering by hardness all nine of the 
minerals provided intone of the kit sets. They compare this> 
ordering with Mohs' scale (given below), and identify ea,ph 
of the minerals. (The only mineral sample not provided in 
the kits is # 10, the diamond.) ^ 

An optional, activity follows the identification of the minerals, 
The children may, if they wish, make a hardness scale of 
their'own at home, using various materials they find there.. 



Worksheet 1 
26 



Moh» 

1. 

2. 
3. 
4. 
5. 
6. 
7. 

10. 



* Scale of the Hardness of Mhiefals 

T«lc . J Least hard! 

S<; Unite 

Calclte 

KliiorltC 

AiMitUc ' 

Feldspar 

Qinrt2 

Topaz 

Coryndura * ^ ■ 

DIafeoiHl (Hardest > 



^ Scale of H«rdne»!i 




MltlL Jkrul^ lUdz ^ 



Another opt iona Inactivity 
shows a different property 
of some minerals — fluor- 
escence. The beauty of 
fluorescent minerals is 
very interesting and exciting, 
to the children, but yoa 
woujld need to borrow or buy 
a Mineralite Ultra Violet 
Lamp Set to give the demon- 
stration. (Some^ schools 
have these sets "or some 
• child-may have'one.L- - ^ 



ERIC 
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MATERIALS . ; 

^- for the class (Activity A) — ..." 

- I or^mpre coarse-grained, rocks such as ^granite, in whlch^ 
^ * more than one mineral i5 Visible ^ . 

l>or more magnifiers ' . " , ^ - 

--for ^ach of eight 'groups (Activity A) — 

' - magnifier ' , . • ' 

- metal scfssdrs of the type normally used in the third grade 

- - mineral .samples numbered 1 , 4,- 6,. 8 and 9 (to be removed 

from- the mineral set and jumblecl togeth'er) . 

■ -r- I penny ^ I soft iron pal l -and I- unglazed clay tile 
— for the class (Activity B) " 

- I set of nine minerals (v^ith numerals removed^ - ^ 

- Mohs' scale in Student Manuals 

' --.for Optional Activity D ~ 

- I Mineralite Ultrat^iplet Lamp Set and fluorescent minerals 
(Borrow from junior high, or from one of- the children,) 

- fluorite samples from the mineral ^sets^^^ 

• - minerals that do-not flujDr-asce^(also from the sets) 
' ~_Jabri6s-in the clothing the children are wearing 

PREPARATION • •. ■ " 

•» » 

Most of- the materials you will ^need for the required activities 
of this lesson are provided in the" third grade" kit. There are 
enough materials so that you can divide the clas^ into eight 
' groups of fchildren. •' In addition, you will need eight pairs of 
scissors, eight pennies and-one or two coarse-grain^^oc^ 
*^^~You may wish- to askj_childJfeo'3:(Ping-in-th^dT^ 



_ mav wish to asK a ctuifl. 

J 
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^Select from each box of mineral sets the following: numbers 
' l, 8 and 9, Have the magnifiers, scissors, iron nails 

^and clay tiles handy. Put the boxes containing the resit of ' 
the- ffiaterials away for us^e in Activity B. Hide the covers, 
too, because Mohs* scale is printed inside each box cover 
and this would reveal the order, of hardness (as well as the 
identity of each mineral) before the chiidreh have had an op- 
portunity to do their-own testing, * • 

Use only one full set of minerals with numbers removed in 
Activity B.. This. will leave seven sets of the crystal-type 
minerals unscratched and in good condition for use in 
^ Section 6, in which the children study crystals, 

PROCEDURE 

Activit5*A ' '"^ ^ 

Show a coarse-grained rock to<^he class. Ask if, the rock 
- seems to' be made entirely of the same material. Select a 
child to observe the rock closelyV Give this\:hild a magni- 
fier to help him see that tha rock ife compose^ of many small 
particles. Then pass aroundsthe rock* and magnifier (anc*'^'^^ 
.other similar rocks if you have them) so that the children 
can see the different particles. 

Now give each group a magnifier and a set of the five mineral 
samples you have set aside for them. Have tl^e children ex- 
amine these stones with their magnifiers. Ask how t^ese 
stones are different from the rock they observejd previously, 
: Explain that some of »the 'stones they are now observing are 
similar .to the' different kinds of partlcles^they saw in the 
rock. Say that each of the five stones they now^have con- 
tains only one kind of material', 'Then give this definition: , 

WHEN^A STONE IS MADE UP OF ONLY ONE MATERIAL, • ' 
WE CALL IT A " MINERAL. " .WHEN A STONE IS MADE 
OF MORE THAN ONE KIND OF MATERIAL, WE USUALLY 
CALL IT A "ROCK." . . ' ' 

Ask the children to. inspect all of, their mineral samples and 
to tell you if they think all the samples are alike, (No^ they 
^ are not.) * 



XAN ANYONE THINK OF A WAY WE COULD TEST THE MIN- 
EBAIS .TO FIND OUT WHETHER OR NOT THEY ARE MADE OF 
' ■ Di-FFERENT- MATERIALS ? * • - ' 

If the- children do not think of th,e scratch test to determipe 
the hardness of each mineral, ask them to discuss a prop- 
erty that all of the minerals have — hardness. Suggest that 
i'f some of the minerals are harder than others, the harder - 
ones should" scratch the softer ones. 

Provide scissors and ask the children to divide" their sets of 
minerals into'two subsets: (I.) those th'e scissors can scratch 
and (2) those. the scissors cannot scratch.." . 

' ■* , - 

' Next add to each group' s^materVals a" penny, a soft iron nail 
and a -clay tile. Tell the .children you want them to test all 
of these things (including their mineral- samples) for hardness 
aocj. to-arrange them in order with, the softest at their left and 
'the hardest at thtlir right.- Ask them to test the hardness of 
the -scissors and to include the scissors in , the ordering, too. 

If necessary, show the children how. to-do the scratching. 
For example, when testing the. scissors, they will need tb 
try to scratch along one of the open blades. But, when test- 
ing something else with the scissors ,v they will use the point 
of the blade.- ' ^ ' • ' ' 

NOTE: 'The children should all be shown how to tell which of 
two minerals nas'really been scratched. This can be done by 
^removing all of the-powder from .each samplg and finding the 
one that has been scratchedi- The one with the scratch is the 
softer of the two; If both samples are scratched, they are of 
about equal hardness. * - 

Whe'n all the groups have finished the ordering go about 
and check the re^sults. The ideal result would be: 

Mineral % \ (least hard) (at extreme left)- ^ 

Penny • * ' - _ t 

y Minerai;{f*4 . ' ^- 

Soft iron nail . . 
' Scissors " • . 

^ Mineral #6 - ^ 



Mineral #8 

• Clay tile 
Mineral f 9 , (hardest) . (at extreme right) • 

However, mineral samples may be imperfect ahd scissors 
may differ in- h^ardness^ Then/^too; some children may not 
be able to scratch hard enough to determine where to place 
the scissors or the harder minerals. Have other children from 
. groups with good results lend their minerals and skills to 
groups with poor results until all the childrep.have partici- 
pated in a more ^tisfactory (if not perfect) ordering/ 

* Then ask the children to test their^^fingernails for hardness, 
using tlje 'materials at h^.nd. (Everyone should be able to 
scratch mineral #1 , but 'som^e may be able to scratch the pen- 

'-f\y also.) " . > , " . 

' . - • • t 

Collect all the materials and put the mineral samples back in 
the boxes. " . ^ 

Activity B ■ > . . 

Tellthe children that a geologist (a scientist who studies 
rpcks and minerals) use's hardnes^as a basic property by 
which to-identify minerals. Also s.ay that the geologist uses 
a scale similar to the ordering the children have just done, 
and — in fact the five mineral samples they examined in" 
^Activity A are in the scientist's scale. 

- — - « - y , 

Remove the numerals from one complete set of nine^minerals 

and plaoe the^minerals--on-a demonstration tabled Have the 

-^-^ duiaren gather around. Call on different children to scratch 

one mineral with another untihall nine have been ordered cor- 
rectly.. Distribute the Student Manuals and tell the children 
. that, of the minerals listed in. Mohs* Scale of Hardness on 
Worksheet' I ,'the only qne missing fropi their set is the dia- 
mond. Ask them to identify their minerals using the scale on 
the worksheet. ^ You might like to explain that Friedrich Mohs 
% was a German geologist who developed this hardness scale for 
minerals over a hundred years ago. 

Ask a few children to compare the hardness of their finger- 
nails, a penny, scissors and a clay tile with the 'minerals to 
find their position in relation to Mohs' gcale. 



Activity C (Optional) , . ■ 

Let the childrert tear the page with Mohs' scale on it from 
their Student Manuals to take home. Suggest that they, test 
various discarded materials at home to ma^ke up their own 
hardness scales. Remind the children not to scratch furniture' 
or other valuable houseliold items., but to look for aluminum 
■or steel cans, 'rocks, broken pieces of pottery, old pieces of 
^ .wood, etc.. If a child wishes to bring his materials and his 
'scale to school, provide him with the dfeihonstration set of 
minerals used in Activity B and let him .see where his mate- . 
rials Would fit in the mineral scale. Some may be softer 
'than talc, and so would precede it, whereas others, might fit 
between two numbers . No material is likely to be harder 
than the corundum (#9).,. " - 

.Activity p (Optional) 

If y.ou have- access to an ultraviolet lamp and some fluores- 
cent minerals,' by all mea^ns us.e.them. The lamp, even when 
• turned on,, lobks^ black — but do not let ^he children gaze 

directly into it at: any.time. Put the fluprite sarrtples from the 
■ mineral sets under the lamp to show how they fluoreFce. 
Then put some of the other minerals under the lamp to sh'bw ^■ 
. that theydo not fluoresce. After handling fluorescent min- 
- erals, the children. may discover that spots on their hand^.or 
clothing will fluoresce under the lamp. Even without the pres 
ence of traces of the minerals, certain colors in their clbth'- 
ihg will also fluoresce. Point out' that testing for flaores- 

,c^eAce-with-an.:Ultraviolet lamp is bne-TTdri 

7 ' find another property by which to identify some minerals. 

r' . * • 

.-ifyqii have a cultured (or natural) pearl, it will fluoresce 
biiid under the ultraviolet lamp. Pearls are composed princi- 
pally of calcium carbonate, which the children ban see in ^ 
another form in their mineral samples 'of calcite. The pearl 
fluoresces-, not because of its calcite content, v but because 
of the presence of small amounts of other-minerals. 

The children may be interested in knowing that their teeth 
and bones, as well as those of animals, are made of the 
same mineral .as their samples of apatite. Doctors of Veter- 
inary Medicine can detect one of the common diseases of 
cattle if the teeth fluoresce red.- . " 



Lefion 4r.-HARDNf :SS AND OTHER PROPERTIES OF METALS ' 

The main purpose. .of this lesson is to have the children focus 
on the weight and size properties of some metal. materials as 
a preliminary step in their understanding of density, a prop.^ 
erty they will soon be studying. Other purposes are to show 
, f^the children that in some cases if is necessary to test more 
than one property in order; to identify a material, and to >show 
th^ need for. accurate methods of measuring weight ^nd size 
^ (volume) ♦ - . 

The children observe a numbef of metal samples and try to 
deterrhine whether all are composc;d of the same matefiaL 
By using the scratch test, they find^out that some of the., 
metals are harder than others.' This leads to the hypothesis 
that perhaps these metals are not all composed of the same 
materia.L To test the hypothesis , the children^ compare the ' 
weight of different samples by hefting. They discover that 
^s.ome of the pieces s.eem heavier for their* size than others. ' 
In other cases they cannot^be sure whether there is any 
weight difference between two samples at all. .They also 
discover that, excepf for two cubes, they have no reliable 
way of measuring the size of the metal pieces; These two 
discoveries point up the neeid for quantitative measurements 
of weight and. size (volume). In Lesson.5 l|he children will 
measure the weight of the metal pieces and in Lesson 6 they 
wiil measure the volume. — • % ^ 

MATERIALS ' ' ^ . ^ \ ^ . 

Metal pieces from the OMSI kit, labeled as follows: 

- 2 "O" pieces from plastic container marked "Unknowns" , 

— 2 "W" " " " " *' " - 

-1 2 "T" * " " "^^^ f ^ " It " 

' - 2 "C" pieces from container marked "Aluminum" - 



- 2 "H" pieces frqij container marked "Aluminum" 
/ - 2 "E" pieces from container rnar>:edii"Pr. Type" 

- 2 trays ' • * 

PREPARATION ' • . " 

On th^twq trays, put one sample of each of the rnefals list- 
ed ^bove. Place the trays on a demonstration table. 

- ■ .•■ - ' . * - ■ ^ ' ^■ 

PROCEDURE . ' " , 

Have the class gather arouhd the demonstration table. ,Pass 
one tray of metal samples around to half of the class and fhe 
other tray to the other half. As the children examine the 
metals^'', asJc^.them to describe some of the properties they ob- 
serve. (They may describe the pieces as hard, silvery, duL),. 
he^avy, light, large, sn^ci^il and shihy. Some children will 
notice that the metals /are marked and that some are slotted 
■ with rounc^^ holes arid others with rectangular holes.) You 
may want to list some of the properties on the chalkboard. 

When, .after five or ten mjnutes, all the children have h^^d 
an opportunity to handle the metal pieces , ask if they think 
all of the metal pieces are composed of the same material. 
Let the children speculate. Then, ask: 

HOW CAN WE FIND OUT IF ALL THESE METAL^PIECES ARE 
1VIAD.E OF THE SAME MATERIAL OR OF DIFFERENT MATE- 
RIALS? (By ^testing some of their properties.) 

Probably the most obvious test for the children to suggest at 
this tim^'is the scratch test for hardness. If they don't, 
^ suggest it yourself. "Have the children from each half of the 
class 'test their set of metal pieces ipr the property of hard- 
ness. Record their findings on the 'chalkboard. The order 
should be this: 



Least Hard^ Next Hardest^ IJardest 



Object. E ObjectS:T, O, H, C , Objects.S-/"W 
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Remind the children that if tw.o materials can scratch each"^ 
other, they are of approximately the sarpe hardnes/s. There- 
-fore S and W belong in the same sul?s€t and f, o/ H and C 
belong together in another- subset. • ^ ' 

From the results-of this hardness test,>the children will want 
to conclude that the metal pieces are made of three different 
kinds of material and that some of them are made of the same 
material. Point out-that this is a rather broad statement to 
make from a test of just one property, and tffet perhaps they 
should use the statement as a hypothesis to be tested further. 
Mention that scientists sometimes find it necessary to make 
^ tests of many properties before they can identify, a material. 
Then ask the children to think of some other properties they 
might test and compare. 

If the children mention the property of size, let them try to 
order each set of metal pieces ciccording to that property. 
(It will be very unsatisfactory, ej^cept in the case^of the ' 
tvio cubes.) Use this, fact to pbint out the^need for some 
better way of measuring size.. * * • ■ 

Next give metal pieces C and E to a child. Ask him to place 
one pibce in each hdnd and^ compare them for the prop ert^i^f 
•weight. Have several children do this'. Results !nay vary. 
One child may say they seem to weigh^about the same; . ' 
another may say that maybe E weighs a little more, evert 
though it is smallerin size. • 

Now have mejtal pieces O and W compared by several children 
asking them to heft the pieces and tell what they think. (W 
is much smaller in size than 6, yet it is hard to tell by heft- 
ing whi'^i piece weighs more.) 

Finally, ha^seveural children compare 'pieces S and T, the 

two ^metal cubes . 
* >\ 

WHAT DO YOU^OTIGE ABOUT THE SIZE AND WEIGHT OF 
OBJECTS S AND T^^■ (They are both the same size, but S 
weighs more than T-. ) 



Give all the children an ppportuni1;y to' heft S and ai]^d s^e 
if the class can com^p with'^y statement that indicates > 
a iitftle intuitive knowledge of the relationship between size^ 
a.nd weight, ho^ not mention the word, "density A perfect- 
ly satisfactory generalization at this^polnt is: 

SOME- MATERIALS. SEEM TO WEIGH MORE FOI^ THEIR SIZE 
THAN OTHERS • . . : ' \ 

Ask the children if they can tell you how much more one ob-' 
ject weighs than another. Also ask if they can( tell you how 
much larger one object is than another. Use their answers 
to show the need lor methods of measuring both weight and 
size. Have the class .think about ways they might measure ^ 
weight. Sonie children may remember usin^ the beam bal- 
ances in previous work. Say that in the next lesson they 
will construct and use beam balances to measjjire the weight 
of metals. . After that they will have .to find some way of 
measuring the size. Sug^gest that they think about such a 
method, arid ask: 

IF WE QOULD MEASURE THE WEIGHT.AND THE SIZE "OF 
EACH PIECE OF METAL, WOULD' IT HELP ^§ TO IDENTIFY 
EACH ONE? (Maybe not, but at least we would know 
- about*three properties of each father than just one J 

The same samples will be used in the-^next lesson. 




I 
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PURPOSE 



THE P^OPERTIE&^OF .WElG|^rAND VOLUME^' 



' To give the children experience in measuring weight and 
. volume in preparation for their work with density, . . 



^ To initiate. the idea that/ for b given material, there is a , 

relation between volume.and weight, 

COMMENTARY 

The prQperty 'oj[ density is the relatfon between* two othjr \. 
" properties of a given material) namely between the niat^- . 
" rial's volume and its weight. ^ a. ■ ^ ' >v J . / 

^ ' ». * . ' ' 

t. 

To study density vyith any degree of underjstanding , the chUdren 
f mu"5t study and see the relation between the properties of weight 
,and volume • The two^essonS of this section are d*esigned ta 
give the children this prelimanary exp^erience, ^ . - ^/ 

In Lesson 5 the children construct beam balances with which- \ 
to measure the wei^t of the m-iai objects they hav.e been ^ 
' stu(^ying for the property of harcJness, In Lessc^. 6 they use - 
calibrated cyliniders with water to measure the volume of the 
same metal objects" The children recdrd the'data on work- 
sheets for use in the next section of the unit. 

^ ^:The techniques for weighing, and for meas*ufing volume by 
water displacement should be familiar to the children from . 
work in previous units, 'They should be able to assemble 
the beam balances rather quipkly, but if they cannot, remem- 
ber that it is time well s^ent — the beam balances will be 
used extensively in five lessons. They can be left assem- 
,bled and ready in a conyenient storage area, to be brought 
out when-needed. Similarly, the volume measuring equip- 
ment should be kept-handy for use throughout the next . < ^ 
section . ^ ^ 
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• *' "'!**' 

* , ' ' « •• •' " ' I ' " * '' 

In" these lessops, the.chilciren should leairn to measure both- 

wpight and volum.e very carefully', and to record the measure- 
■ ments-ccirefully., too. , " 

'■' V ". .. 

'teaching time for this- section Should be about two. class 

• ' periods. v" ■ • ^ ■ ' ' 




Lesson 5: M&^SURING THE WEIGHTX)F METAXS 



In Lesson 4, the children noticed a difference between the 
•weight and the size of the metal objects, particularly between 
. objects- S and T. They said, "Some objects seem to weigh 
^more for their size than others', " but they had ho way of 

quantifying either property. They decided they needed some 
'way 'to measure the; weight and the size of each object in 

order to see what relationship there was. In this lesson they 
• learn to measure (quantify) the weight of each ,metaL In 

Lesson 6, they will learn-how to measure each object's size. 

Then in Lesson 7, they will have data about both weight and 

size, and can draw soma conclusions dbout the density of 

different kiAds.ojE'mfiterials, 

To rsemphasize the need fpr accurate measurements, the chil- 
dren again try Hefting obje'cts O and W in their hands, Theri^ 
short strings are attached to th^se objects-^Tid the* children 
•heft them by letting them dangle from the strings,' Results 
from the two methods of hefting are usually contradictory. 
Even if they are not and the children become quite* adept at 
deciding which of two objects is the heavier, ^they still have 
no way to determine how much heavier one is than another, 
.This short activity leads to the introduction of the beam pal- 
ance, , - ' 

Tbe children consti'uct and use beam balances to measure 
the weights of the seven pieces of metal they used in the 
last lesson. Worksheets 2 through 5 s-how how the beam 
^« balances dre assembled* Children who have studied 
MJNN^MAST Units 16 and 22 have already constriibted 
.and .used beam balances. Therefore, a minimum amount 
• of time should be spent here in constructing the balances 
and in reviewing how to use them. Each child should re- 
cord the weight (in paper clips) of each metal on Workr-^ 
sheet 6 and save it for use in later lesspns, 

MATERIALS 

' ---for the class' — 
- metal objects C, E, H, O, S, T and W 
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- 4 pieces of string, each about 5 inches long ^ 

- tape *' • 

- I preassembled beam balance (Make it like children's.) 

— for each group of ""four — ^ 

- one -5" X 5" x 5" cardboard triangle 

'_ 'paper or plastic bag containing Tinkertoys and other mate- 
rials with which to construct a beam balance (See-PREPA- 
RATION.) , 

- 1 3 extra paper cups to use as units of weight (Two others 
are used in the construction of the balance.) 

- 1(5 small (#1) p&per clips to use as lighter units of weight 
(One papjec-cup is nearly equivalent in weiglit to 10 of 
these paper .dlipsj 

.J — for each child — 

- Worksheet-6 2 through 6 in the Student Manuals 

PREPARATION ^ ^ . ' ^ 

Ask a few children to help you go through the GMSrkit and 
find the materials necessary for then-beam balances: »Have^ 
them put the following* items in a^bag fojf each group of four 
children: 



I- blue Tinkertoy rod 
3 red Tinkertoy rods • 
I purple Tinkertoy rod • 
6 round. Tinkertoy joints 
I ruler perforated with round holes 

1 picture hook' 

2 Jumbo paper blips 
^2 paper cups 

I le^d sinker (bob) 

I twelve-inch piece of string 

Also ask your helpers to count a stack of 1 3 paper cups fo^ 
e^ch group and to put ten #1 paper clips in the tbp cup. You 



\ 

\ 



may also wish to let the children help xou cut and prepare 
the cardboard triangles for the front of the balances/ To do 
this you heed scissors, a ba\l point pen, a Tuler and a red ^ 
crayon. , . ' 

From cardboard/ cut one 5" x 5" x 5" triangle for each group. 
Choose any side of the triangle ^s the top, and draw a straight 
line from the center of the top straight through the center of 
the angle at the bottom. Use a pen for this . From the bottom 
point, measure up one inch along each side. Draw pen lines 
from each of these points to the top center of the triangle. 
With red crayon, color the area between these two lines^ 
Your helpers may now put onQ of these triangles in each group's 
bag. 




Following the instructions in the Appendix or in the Student 
Manuals, assemble one beam balance" before cjass. This will 
make you familiar with the process . arid thQ. groups oiE children 
can use it as a model to refer to when constructing their own 
ba lances • 
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Worksheet "S 
Unit 26 
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• ■ ■ ■ ■ / 

PROCEDURE ... '- ^ 

Activity A ' ■ <. • . 

Have on hand the two 0 and the two W pieces of met*al, four 
short, strings and some tape. Have the children gather around 
a demonstration table. Briefly tevlew the main point of tho 
last lesson that t\ieve seemed to be some sort of relation 
between the weight of a piece of metal and its size, but that 
tojlnd QUt wh^t-.the connection is, they need ways to measure 
and compare, thie weight and size of each object. Tell the chil- 
dren that in' this lesson they are going to measure only weight, 
not size. Ask: 

^ HOW CAN WE MEASURE THE WEIGHT OF THESE METAL 
PIECES? ^ WAS HEFTING A GOOD METHOD? 

The children should remember that hefting the pieces in their 
hands was not a very ^a^ccurate method of measuring or com- 
paring weights. Nevertheless, pass around objects O and W 
and ask each child to decide which piece is heavier, by heft- 
ing. Have them do this .quickly and keep a score on the board. 
(Most of the children will probably say that W is heavier.) 
Then say: > ^ . 

LET'S TRY ANOTHER METHOD OF HEFTING. MAYBE THIS 
WILL WORK BETTER. 

With tape, fasten one 5-inch string to an end of each of the 
two O and the two W pieces, leaving abput 4 inch.es of string 
dangling. Have the children heft an O and a W by holding 
Xhe ends of the string. 



,^sk each child which piece of metal felt heavier this time, 
and keep score. (Most of the children will probably, say that 
O felt heavier this time.) Whatever the results', some chil- 
dren will have changed from W as the' heavier to 0 as the 
'heavier.. From this contradiction of'their previous judgment, 
the children should see even more clearly than before that 
hefting is not a'reliable method t)f-C5mparing weights, espe- 
cially whfeh there is not much of a weight difference. 

WHO CAN SUGGEST A WAY WE COULD ACTUALLY MEASURE 
THE PROPERTY OF WEIGHT FOR EACH OF THESE OBJECTS . 
AND SEE HOW MUCH THEY DIFFER? 

By this time, some child will probably suggest using a beam 
■balance. At any rate, bring" out the balance you assembled 
before class. Briefly review how it works , . using the follow- 
ing information as a guide: 

- I . When one object is placed in one cup and the other ob- 
ject in the other cup, the side that tips down contains the 
heavier object. You could use this method tQ arrange all the 
metai..pieces inOrder from lightest to heaviest, but it would , 
not indicate how much heavier one piece is than another. 
To find that out, the children must be able to assign a number 
to. the weight of each object. > ' . 

I 

.2. To assign a number to the weight of an object, a stand- 
ard unit of weight.is needed. The children have used the 
weight of paper cups and. of paper clips as standard units of 
weight before. The object to be weighed is placed in one ^> 
cup and its equivalent weight in cups and paper clips is ' 
placed in the other. Paper clips /are used to get a closer 
measurement than cups provide. " . ' 

3. The scale is considered balanced when the bob string is 
lined up with the center of the red region. However, the-chil 
dren should try to get the- bob string lined up as- closely as 
possible with the center line of the red region. 

4. The weight of ten #1. paper clipS is about equivalent to 
the weight of one. paper cup. Therefore, the weight of. an 
object can be converted frpjn cup units to clip units by . 



^ multiplying^by ten. For example/ an oJDject'sjA^eight that-^is — 
measured as "3 paper cups and 2 paper clips" can^be express- 
ed a5 "32 paper c^lips.," All measurements of weight in this , 
unit are tb be converted to the weight of paper clips. 

•;• :,. . ■ ■ /. ■ - ; ^ . * 

Give the children s^ome practice in weighing with the beam 
balance." Remind^ them not to count the paper cups that are 
parts of the hjalance/ when figuring the weight of an object. ^> 
Give' them somk practice in converting cup-clip measurements 
to clips. When you think they understand how to use the bal- ^ 
' . * ance. and how to figure out the-weights in paper clipS/'ask the 

children to return to their desks.' r. * , 

' . 1^ , ^ * " 

A 

' Activity B . ' ^ ' ' . 

Divide the class into groups of four.-. Give each group a beam 
balance kit. X^H them to use Work^s.heets 2 through- 5 of, thp 
^r""- \ \ - [ Student Manuals to help vvith 

. * the assembling ^of their beam ^ 
balances. Go ^about helpipg-^..-- 
those groups" who seem to need 
it^ You probably will have to 
. help most groups to tape the 
• cardbo^ard to the ruler and to 
place a* bit of; tape on the back 
of the ruler for a. good balance. 



When all the groups have^ 
finis hb,d assembling their 
•balances I remove stringi and 
tape from the O and W pieces 
^nd put them on a ,cen'traUy 
located desk or table with the 
pieces marked C, E, H, S^and 
T. Ask the children to turn 
to Worksheet 6 in their 
Student Manuals.' 

Instruct the groups to t3ke 
just OH''^ piece of metal at a 
time and weigh it. Each mem- 
ber' of the group should write 
the number of paper clips oh 
his worksheet. One child 



Worksheet 6 Same ' ' 

unit 26. 

<^ "The weight of our metal pieces 



Metal Piece 


in paper cl ip uiil ts 


C 
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should then immediately return this piece of metal to the 
-central spot and take- another with a c^fferent letter. When 
each groups-has finished weighing all seven pieces, discuss 
the results. - 

Have one child from each.group place the beam balance in a 
storage area."-: The balances/ paper cups and paper clips will 
be used in later lessons,, ''Keep the met4l samples out for^the 
*next lesson. Save the worksheets for later use. 

■ ".' ' • ■■ ■■ ' ■ • 
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Lesson 6: MEASURING THE VOLUME OF METALS 



In this lesson the children measure the- volume of -the seven 
metal pieces used in the two previous "lessons. Before they . 
can do this, however, they must understand what is meant 
by *' volume.." MINNEMAST children have studied volume in. 
Units 5, 12 and . 19, but in* these units volume was defined^in 
two different ways: (0 as the number qf unites a container can' 
hold, and (2) as the space occupiepi by the .container itself. . 

In the first case the children were interested in the capacity 
of a container. The children have measured capacity in sev-\ 
eral way's. They have c6unted the number of "corks and' the 
number of cubes a container can hold, and -the standard liquid 
measures pf volutne, such as pints, quarts gallons , etc. 

In the second case,, the children were interested In the ahiQunt 
of space a given object or material occupies. Using the first 
definition of volume, the children w,ere finding out that a four- 
bounce plastic contaiher had a capacity or volume of foi:*" ounces 
Using the second definition*, the children were findingyout the 
amount of space occupied by the plastic material of v/hich the 
container Itself was made. Obviously the measures of the two/ 
kinds of volume are considerably different. 

This unit is concerned with the second kind of volume the ^ 
amount of space .occupied by a given material.' In(|&nit"TS the 
children worked with water displacement as a measure of this 
kind of volume. They dropped a marble into a cylinder con- 
taining water up to ascertain mark and discovered tha^t the 
measure of the water rise was equiv'alent to the volume of the 
marble. However, the. children will probably need a little re- 
view In this technique* 

When measuring the amount of material pf which something is 
comprised, one must be alert to exactly 'what the material is,' 
For example, you can measure the amounf^of space occupied 
by a balloon .when it is blown up and when it is deflated. Ob- ' 
viously, when blown up and submerged in water > th6 balloon 
, will displace more water than when it is deflated, In botfi 
ca^es one might casually say he is* measuring the volume of 
the balloon, but what 'is meant by "balloon"? Is it the .material 



. used to construct the ballooi^^ ot the material plus the air en- 
; closed within it? When the volume of an inflated balloon is 
measured, you are not measurincp the volume of just one ma- 
terial, but p£ a mixtyre of materials — rubber plus' air» Other 
' examples of a Vmateri^al phis air" are: a bag full of popcorn, 
a sponge, a piece of cotton or a styrofoam ball. When meas- 

\ uring the volume of sucji objects, it js Important to- understand 
what is being measured — the volume of more than orie sub- 
stance. Clearly define for the children the me^terial they are 
measuring, because when they start ^earning about density in 
the next lesson^ it will prevent much.misunderstanding. 

MATERIALS ^ . ' \ ' 

— for Activity A demonstration — . r 

- 3 plastic cylinders with centimeter tape attached^ . . . 
' ' (See PREPARATION.)^ * ' ' . ' ^ 

- I cup of water / ' ' , 
I medicine drbpp.er 

- .lump of clay that .will displace about 25 millimeters of 
water in the cylihde^ , " 

- piece of st^ng about 8 inches long 

'. , " -. • 

— for each group of four' (Activity .A) ~ • ' ■ 

- I tray . 
I clear plastic cylinder* with c.entimeter tape attached - 

- I iXiedicine dropper* . 

- measuring cup half filled^ with water 

for the clas^ — 

-Wtal objects C, E, H, O, S, T, W 

- I 4\pieces of tape 

- 14 p^i^eces of stririg, each about 8 inches long 
for each child (Activity A) — - 

Worksheet 7 * r: ^ 



— for Activity B — ^ . ' v 

- story puzzle "Nathaniel^s Two Balloons/* included ii the 
lesson • * ' ' * ' ' ' 

. for Activity B demQiistration 

- 2 identical balloons " 

- gre.ase pencil- \ « ^ \. 

- clear plastic container .(at least pint' size, and half-filled 
with wiater) • . ' ^ • 

- 1 spong'e • , ' ^ ^ \ 



'PREPARATIOM 



X 



The plastic cylinders used in ' ^' 
Activity A niaasure 4 inches in ' - 
length-ahd I finches in diameter..^ 
Prepare each cylinder by cutting,. 
from your roll of adhesive cen- 
timeter tape a length of ten cen- 
timeters. Place this along the 
"length of the cylinder. Be* sure 
the zero marfcis^a little above 
Jthe base of the cylinder at the 
p.oint where the cylinder is hbl- . 
low. , . . 

_Elll^pne pf your cylinders to the 
SO-miiliineter (5 centimeter-) -mark 
and test, lumps of clay until you 
find one of a size that will make 
the water. rise aj^out 25 millimeters, 
^his is the amount of clay you will 
need for your first demonstration. 
When testing, put a partially ^ 
straightened papet clip in the clay 

"so that you can place it in the 
water and lift^it out more easily. 

tape a string to each of the four- 
't^en metal objects; As in the last 




lesson, these'inetal pieces can be placed 'on a centrally^ lo- 
cated, desk where the various groups can tafce one at atiine^ . 

^^'^ Oh a tray for each group, pla,ce I plastic cylinder with^m. * 
tape attach^ed, vl ^medicine dropper, arid one measuring cup 
half filled with water. ^ \ V- 

• For Activity B, have on hand the n(aterial5 listed above for 
your second demonstration. ' • ; » ' 

PROCEDURE . "■ ' 

Activity A / "\ \ * " ^ . 

Have the*^ children ^gather. around a demonstration tabley^i^^^; 
review the main points of the two previous lessons, ifemind. 
the chil;3renthat.fhey measured the weight of seven lietal , 
pieces in-Lessoii 5;. Tell them that in t^is Wesson meyj^ 
tfy to measure the "size** of the pieces • Thdn say: 




WHEN WE TALK ABOUT THE SIZE OF AN OBJECT, WHAT 
DD WE MEAN? ' (We^nre^n how large or how small the ^ 
object. is.) " ^ ' - " ' 

* • . ' '\ ' 

WOULD A LARGE/ OBJECT TAKE UP MORE SP^GE IN' THIS 
- ROOM THAN A SMALL OBJECT WOULD? '(Yes.) * 

Ask whether an elephant 'would take, up more space in. the room. 
than an ant would. (Yes.) 'Then ask why. (Because the Y 
elephant is largfer in size tban the ant". ) • Th'eh emph'aslze this' 
point: ^ * • ; ■ . ■ 

. ' / ■ - . 

THEREFORE, THE SIZE OF AN OBJECT DETERMINES liOW ^ 

MUCH 5PACE THE OBJECT OCCUPIES. 

CAN ANYONE REMEMBER WHAT WORD. WE 'USE TO DESCRIBE 
THE AMOUNT OF SPACE SOMETHING OCCUPIES?' (Volume.) 

*To show how volume '^flts in y/ith other measurement studies, 
^e^hildren have -had, remind them bf the following: . 

When you measure a line segment, you measure the prop-" ^ 
erty oT length, ' r 



2, Wh4n you stand on a scale, you measure the property 
of weight; . . ' 



3. When you measure a region, ydu mea'sUre the property 
of area ; 

4. When yoii measure an angle', you measure its 'mag, 

\ *. " * ' i » -^.v 

5. When you measure the amount of space. something occupies, 
you are measuring its volume-. 

HOW CATn'WB MEASURE VOLUME? - ' 

V • - ^ L ' ■ ■ ■ ■ 

Let the children spjeculate* Some childreri may remembep soirte 
of the methods used in previous uriitsvo Now. explain how. some- 
times the word "volume" 'can be used to describe the space., 
that is odcupied in two different Ways* Tak^.^5te lump bf^clay 
you have prepared'^n advance andlmold it ititc) a cup shape 
^ Say that you could measure the amount of space contained in 
. this clay, cup^ . ' / \ * ' ' 

. WHEN WE DO THIS, W&ARE INT^feESTED IN THE ^ 
CAPACITY, OF THE CONTAINER — /hOW'MUCH IT^ 

^ WILL hold: ' /'-^^^ ' '\ ;^ I . 

H^ve the children discuss^ witii you various ways this kind hf 
volume cjould )De rheasured --.with pints, Qups., quarts, ounces^, 
number-of corks , etc. Then fill the^ clay cup^ with water. Poitr 
the water from the clay cup into a cylinder that has cm t,ape 

"^tached. -Record on the chalkboard the number of millinieter 
units^the \dolume (capacity) of the clay^cup measures in the ' 
'cV;Under. Discuss with the class. several other examples of 
'sjltuatiqns where the capacity of a container is the type of * . ^ 
volume they wbuld be interested in measuririg, ^uch as % quart 
of milk, a box of.craclcef§, a glass of Jyice". , . 
{ ' » . ^ 

Now s'ay that at other times people are interested not in ^ 
volume as the TOeasurement ja^ what a container will, hold — ' . 
but In" volume as the amount; of ' sp^ce the contairier itself i 
occupies (takes up). Now mold the clay cup into a solid ball. 
Tell the class that this time you want' to measure the amouat 

* of space (the volume) that the clay material* of Which the cup ; 
wa^ made occupies. ^ 



HOW CAN WE MEASURE THE AM,OU-NT OF SPACE THIS CLAY 
OCCUPIES? \ 1 ' ' ■ 

Hold up the ball of clay. Perhap^ some, child wlU recall the 
water displacement activities from previous units^and can 
demonstrate how the'caiibrated\cyrihder could be used. If 
not, demonstrate by puttingj watW into the piastic cylinder up 
to the 5-centimeter mark^ Show an empty cylinder to the chil- 
dren and tell them that eachj of th^centimeter marks re|)resents 
10 millimetegs. Therefore, feach of\the small units on the tape 
represents one hiiilimeter^ ^how them how to put in or take" 
out small amounts of water With the medicine dropper in order 
to get the level wanted, Th'^n show them how to hold.the-pon- 
tainer with the top of the water at eye iWel'to get a correcjlt 
reading. Ask someone to say how manyWlllmeters of water 
you have in the cylinder when it is at the 5-centlmeter mark, 
(50 millimeters.) ' ' . \ 

Demonstrate how much error can be made in a Teading^by. look- 
ing at the height of the water from above or below eye level. 




Have tY : children check to see that the water in your cylin- 
der is at the'SO millimeter mark. Now insert.one end of a ^ 
partially Straightened paper clip into the clay ball and lower 
it into the cylinder, (The clay ball must be completely sub- 
merged.) Ask a child to read the new water lev^'l.' Record 



what" happened on the chalkboard: 

Height of water at start P .50 millimetefs;* 

Height of water with ' ' ' 

jcla^ball in it ^ 75 millimeters 

^Timount of water dis^ ' 

placed by clay ^ 25 millimeters 



The ^hildr^n should realize that the amount of water that was 
disp/laced by the clay is equivalent to the amount of §pace • 
that/ is taken up by the clay (the volume of the clay) . ^ 

5in(5e we cAn measure the volume of\ciay by water 
/displacement, could we also use, this method to 
measure the volume. of each of our- metal pieces? 

(Yes.) 



;ell the children they will be working in\tl\e same small . - 
froups as iivthe previous lesson, to measifre the volume of 
/the metal pieces.' Have* each group take /a" tray of the mate- 
/rials you have prepared. Place the metal pieces (with strings 
/ attached) in 'a c^e ntr a 1* location. Instruct the groups to take 
one metal piece at a time (as they did in the last lesson) , 
measure and' record on Worksheet 7 its- volume in millimeters 
displaced and th^n return it immediately so that others can 
use it. 

Remind the children to check the water level after each meas- 
urement, ^because some water may cling to •the metal when\t 
■ is removed. With their medicine droppers, they can .easily^ . 
"add a few drops. Tell t^iem that the water level at the start, ^ 
. should always be SO rhillimeters.. If the children seem to be 
having trbuble with vyater running too "ffe^ly'out of the medi- , , 
cine droppers, suggest that they try filling the droppers to "i 
tjie halfvvay.mark or a little beyond* ' Then the drbps^ can be ■ 
' Squeezed put more islowly. \^ - T 

Each-Ghild'should record the gfoup*s measurements^sn Wbrk- 
*sheet 7. Go about the room aS the group i are worklngv check- 
ing to see that they are reading Water levels at eye level 

\ 

* The symbol (=) is read ^'appears to be the same as." 
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The story puzzle.: . 

^ ■ ■> 
- NATHANIEL'S TWO BALLOONS 
Nathaniel had two balloons that he bought at the store. The 
balloons were both red. They were both made, of the same kind of' 
rubber. They both weighed the same amount. They even came 
packed in the very same bag. Nathaniel thought he would like to 
measure and compare the volumes of the two balloons to see if they 
were the same^ too. He brought out two glasses .^hat were exactly 
, alike.'. He put the same amount of water in each glass. Then he' 
carefully marked the water level on each glass. He put the glasses 
close together and saw that the water level marks were at exactly *r 
the same height. Then Nathaniel started to measure the volume of 
the two balloons. - 

I^e.put one balloon in the first glass^and saw that fhe water 
hardly rose in the glass at all. , It was hard for him to mark the new 

water level because it was so' close to his starting mark. 

; \ . . ' 

But whe^H Nathaniel pushed the second balloon down into the 
second glass, the water rose so high it^^nearly reached the top. 



Now* ask the class: 

WHY d6 you THINK NATHANIEL GOT SUCH* DIFFERENT 
' MEASUREMENTS OF VOLUME FOR'THE TWO BALLOONS? 
COULD HE REAELY HAVE BEEN MEASURING THE SAME , 
KIND OF VOLUME IN BOTH GLASSES? .OR WAS HE MEA- 
SURING A DIFFERENT SORT. OF THING IN EACH GLASS? ^ 
WHAT DO YOU THINK NATHANIEL DID TO GET SUCH DIF- 
FERENT MEASUREMENTS FOR TWO BALLOONS THAT WERE 
SO MUCH ALIKE'WHEN HE BOUGHT THEM? . 



Ask the children- to eommit themselves by writing their answer 
to the last question on a piece of paper. When everypne has 
done, this, have the children gather around the demonstration 
table. • ^- . ' 

•Call on various children to demonstrate why they think 
Nathaniel got two, ^uch different measutes of volume .for the 
"balloon. Some child will probably eventually discover 
that a balloon// when blown- up, displaces much more/water 
•than, the deflated balloon. When this happens, ask the class 
which would be the correct measure of the balloon's volume. 
The children should see that their answers all depend on what 
is meant by^the word ^balloon. " Does it mean, the material -- 
th6 rubber that is used to make, the balloon? Or, does it 
m^an the rubber plus, the air inside of it? The children shojid 
realize that it is very important; when measuring volume, to 
define clearly .their material, so that someone will not mis-1 
understand what is meant. . ^ ' l 

Another example of a material-plus -air volume, is a sponge. \ 
You can demonstrate this by immersing the sponge in the \ 
water. As the sponge absprbs the water, air bubbles will \ 
float to' the surface. The children should see that the-wSiter 
level is higher vyhen the sponge is first put in the water, but 
rapidly decreases as the air in the sponge is replaced by ^ . 
water. . 

The children may want td'dis cuss other, examp]^ — 
material Is easiiy^obscured "by the,way the worSs are^'used: . 
a bag of popcorn, for example. What is. meant when somer 
one says that? Does he mean only the substances thfeit make 
up the corn, orthe corn plus the air in the bag between the 
kernels? ^ Cotton caridy, styrofoam, cotton balls, etc., are 
other examples of materials plus aln that the children -might 
want to talk about. ' - 
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SECTION' 4 



THE PROPERTY OF DENSITY 



PURPOSE 

— To hBve the children make a number of hypotheses about . 

volume/weight relations. - " .. 

" * - . * - '-'f ' '. 

- To have them check these hypotheses on several different 
kinds of materials . . 

- To have the children learn that vblume/wevght-relations 
can be graphed from the ordered pairs derived from mea- . 
suring th'e volume and the weight. " ■ 

- To have'them see that, by measuring the volume and vyeight 
of an unknown material and plotting this point on a graph . 
that shows the density slope of known materials, they can 
come to some conclusions about the density of the unknown. 

COMMENTARY ' . > ' 

In the ty;o previous lessons the children collected volume and 
weight data- oh Worksheets 6 and 7 which they will now trans- 
. _fe.r to Worksheet 8 (L.esjonrTUliecaus^e^the-data-^^ 

^ ^only-uTTknownsTThe^Tdren^^ now turn to a very familiar 

material -- clay — and gather some data about. that. Then 
they return to graphing volume/weight data of metals and of^ 
other materials . • - — — - — ""^ " 

— By the end^of -Lqsson 10, the children should understand 'that 
-volume and weight measurements, when plotted on a grid, 
can be useful in idfehtifying an unknown material, especially 
if they already have made graphs of many known materials. 
Tfiey measure the volume and weight of an unknown substance 
and plot this ordered pair on a grid with graphs of other sub- 
stances. The children can tfell by where the plotted point 

I falls whether their material is of the same density as another 
material, whether it~may be a mixture of several materials, 
or whether it may be a new ^material whiph has not yet been 
graphed. 

Emphasis in this unit has been on having the children study 
a number of properties of different materials in o'rder to try to 



identify them.. By observing a biece of metal, by classifying 
it with others in a scratch .test;\and by figuring out its. den- 
sity, the children have been given a number .of properties by 
which to identify it. By observaijiqn, they have rioted the 
properties of color, shape and size. By the scratch test, they 
have found out the property of hardjiess. ,By using* beam bal- 
ances arid water displacement equipment, they have studied^ 
the properties of weight and vblWe and their -f elation to each 
' other (density). - \ 

^-he-^ovZ '^density'' is not important. What is important is for 
the children to sep that, for any given material/ there is a 
definite relation "between its volumeland its weight. If mea- 
surenierits are ideally accurate, ahylamount of a. given material 
should provide measurements of volume and weight .that will 
all fall-on a given density line. 
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LesS-on ?: yOLUMEAyE IGHT.^REIATIC)NS ' 

The purposes of this lesson are to have the children: (I) see 
that if they have equal volumes of the same material, the. ■ 
weights will also be equals (2) discover that when they add 
more of a given material to an initial .sample, the volume arid 
the weight increase proportionally',, and (3) discover that when 
the ordered pairs deiyeloped from' voiume/weight measurements 
for a given material are/plotted on a grid, the. points plotted 
fall en- a straight line through tKe origin.. 

In Activity A the children briefly review. the work they have 
done in the last two lessons. They discuss the data they, 
have recorded (about the irietal pieces) on .Worksheets .6 arid 
7. As a class "they check and correct the data and agree on 
more accurate measurements to record on- Worksheet 8. Then 
the children are, asked if there is^anytl^in^ 
would helpJ:hem--seeia-reiati6rn)etweeh volume and weight, 
^r would help them identify any- of the metals. The children 
can observe that, though metal-pieces- S and T have the same 
volume;, they have .different .weights . They see that this ia 
also true of metal pieces H and W.. These observations 
seem to lead to the idea that S and T may be made- of. dif- 
ferent materials, and that H aild W may also be made pf.dif-^ 
ferent materials , -but it^ls n<it the kind of Information that 
lends itself easily to ideptifying any of the .materials'. You 
now make the suggestion that if the children "were dealing 
with a material that thfey Were already familiar with — such - 
as clay — and, measured its volume and weight, they might 
be able to discover some more meaningful reikation between 
the volume and weight measurements . 

-.In Activity B the children measure the volume arid weight of. 
two balls of ciay that are as nearly identical as you can 
make them. They make a tentative hypothesis from "the re- 
sults, namely: that if two 'identical objects are made of the 
same mateWal and are alike>.in size, they will be alike in 
weight, and vice versa" .Then they measure the volume and 
weight of three clay balls" of sizes. and weights that are .pro'-, 
portiona'l to one another. Ball I weighs 2 paper cups and- 
* displaces 7 mm of water, ball 2 is double the size and weight 
of ball 1 . It weighs 40 clips and displaces !4 mm of water.- 
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•Ball 3 is triple the^size of ball I . It weighs ^60 clips and ' 
displaces 21 mm of water. From this experiment, the chil-- " 
dren see thai /if the same'materlal is used, and the weightl. 
of an object is doubled or tripled, its volume w^U also bei 
doubled or tripled. (This is only a hypothesis that will be^ 
. tested^again, with other m-.terials in other lessons.) The 
children record the measurementsjor the .three clay balls on • 
i;VOTlcsh^~m 'BTTiei^ or'Sereci pairs , and graph the 

three points on a grid (Worksheet 10). This graphing leads ' 
to the discovery that the three plotted points all fall in a 

* straight line frpm the origin (0, 0). ^ The children are then 

" asked whether or not the measurement of other pieces ot clay 
wbuld fall;on this same straight line, . , ^ . 

inactivity C eadh group is given a stick oi clay , (of exactly 
the same kind used in the demonstrations) and e'quipment for 
.jxieasiiring volume and weight. .Each gr^up breaks the clay 

^ into pieces of any size they wish. The only/restriction is 
that the pieces must be of a size that can be measured with 
the "equipment they have; Each group gathers the volume 
and "Weight' data jfor its pieces, records the data oq Work^ 
sheet 9 and graphs it on Worksheet I0» If the children have 
been careful in theif measurements, /they will now see that, 

^ no matter what volume or weight each piece of clay was, it 
seems to fall on. the same straight line as the three points 
already plotted.' Another- hypothesis can now-be mader 
measurements for any piece of this, same material will 
fall on the same straight line.^ The lesson ends with the 
question, *'Will,,the measurements of volume arid weight for 
other materials also fall on this same straight line through^ 
the origin (0,0)?/' The children will try to answer the ques;^ 

• tion in the next lesson. \. 

.. ■ . -• 'I 

MATERIALS • ' • • ' ' 

— for Activity A — •' 
- . metal pieces C/ E, H, ^ S, T and.W- 

— I beam balance 

~ 1 water displacement. set (See page^^38.) 

- Worksheets 6' 7 and 8 • 



- I stick of clay. \ * 

— for Activity B 

2 identical clay balls, each w^ighit^g 4, paper cupsV , 
(40 paper clips) ^ 
^ I clay ball, weighing 2 paper cups (2Q^paper clips) 

- 1 clay ball, weighing 6 paper cups (60 baper clips)* 
. - 3 beam balances . ' \. 

- ^ water dl^placerpeht sets 

4. straightened paper elip.s 
'-^ Worksheets .9 and 10 

- rulers and pencils / 

--•for each group of four (Activity G) -7 
^ vblurne and weight measuring equipment 

- stick of clay 

- 4 straightened paper clips - 

- Worksheets 9^and. 10 



•0^ 

PREPARATION 




It is important th^at all the cl^y used in this, lesson- bC of 
exactly the same kind (even in color), so tKat the, children 
can be sure they. are always. measuring the same material.... 
There is little preparation for Activity A, whlc^ is^largeiy ^ 
discussion and demonstration/ You will .need .only one set 
each of the volume and weight measuring equipm^ent, the 
metal pieces from the previous lessons, ^and the worksheet 

For 'Activity B,. you will need three volume and weight meas 
uring sets and the following carefully prepared clay^ balls: 

1 ball with volume of exactly 7 mm and 
weight of 2 paper cups (20 clips) 

2 balls, >each with volume of 14 mm and 
weight of 4 paper cups (40 clips) 



I ball with volume of 2.1 irim and weight 
of 6 paper cups (60 clips) i ' . 

Activity C requires the same equipment the;^chlldren used in, 
previous activities, but with claV instead 6f the metal pi^ce 



, PROCEDURE 

Activity A 
\ . Brifefl 



review with the children what they did in tl\fe/tw6,pre- . 
vlousl lessons. Remind them that (l) they Have be^g^ther- 
ing wplght and volume data about sevdn pieces of niQtar,\ahd 
that {I) they were hoping to find in this infprmatioh SQime re- ^ 
latlon between wejght and volume" that might help ln*s6me way 
to identify the metals. Then ask the childr|en to turn to Vyqrk- 
sheet 8 in their Student Manuals . On the dhallcboard, quick- 
ly sketch a chart like' tha;t'.on the worksheet. [ TJbte that vol-^ 
um^ data is listed to the' left of'welght data. This is- done so ! 
that/ when the children' eventually graph their ordered pairs, 
volum<5 will be on t4ie, over (x) axisr and weight will be on the 
up (y) axis.] T / ^ . 



Workliheet $ 
I'nU 26 



M«U1 >lcce 


(rise of w(jter) 


WelRht 
1 In paper cl lp»-) 


Ordered 
P«»r» 
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. z+ ■ 
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Now. tell the children that, 
working together as a class*, 
they are going to. help you 
decide on the data tp be used 
pri Worksheet- 8 . Have 'them 
tear out- Worksheets 6 and 7' 
so thatthey pan provide the 
data you call for it. Ask 
for the volume data, then the 
weight c^ata, and then foi;^the ^ 
ordered pfa^r. Discuss one , 
.metal at ^\time. _^ 

If ther4 are differenpes in * 
the data from one gfdup^to 
another, the data may have 
to , be checked before you 
fill it in on the chalkboard 
chart.- Talk with the children 



about some of the causes for ^ rrbr; such as: 

I , possible differences or defects in the 
measuring deyices ^ ' ^ . . 

• 2. (differences in the 'height of the wat^r '^'^ 
at the start \ . . ' / 

3. mi srea:dinig ,the^ water level at the finish' . 

4 . subtraction mistakes' in' figuringxunits ; 
of waterMisplaced ^' 

5. hasty or erroheous recording 

El-.plain that be cau.se- the re are §o many possibilities for -^t 
error when measurements are 'taken , you want to be sure all 
the data th^y put on Worksheet 8 is'as accurate §s possible, ^ 
That is why you are having the whole class participate and - " 
check. \ ' . - • . ^ ' * \ / 

Wb^en. all'of the da^ta on the; chalkboard has be^ agreed-upon, 
ask- the children -to copy it ontoVorksheet 8. ¥0^1 should now 
cpUect and throw away all Copies of Worksheets 6 and- 7., so 
tfi^t the children will hav.e only the' data on Worksheet 8 when 
- they do the-graphing*of the! ordered Rairs in the next lesson* - 

.Now discuss the.^ata.o.ii the. chalk'board. Ask the children^if 
they nq^ce any vplyme /weight relations that mi^ht help them 
to distinguish one kind of metal^from another, or Help identify 
>ny of the metal sT^Seme child will probably notice that 
'metals S and T have the sante^^iolume, but different weights. 
Another may notice that this is als07i:rue-fCir_metds H and W. 
Ask if the fact that two materials have the" same volume, but 
different,weights, could perhaps, be an indication that they ^ 
dreJjpt of the same material. (Yes.) Ask- if this would seem 
' to i"ndicate that equal amounts- of the same material should 
have equal weights . -(Yes.-) Tell' the children that it might 
be .helpful in- analyzing- their data if they knew more about 
the volume/weight relations for 'one particular kin^ of mate- ^ 
ria-r a known material, like clay ^ .-. ^ ^ " ' i 

* Hold up a stick of cfay.^ Break it into several pieces of dif- 
ferent sizes. "- Thea ask: .' . •• ' 

WHAT PROPERTY DO ALL THESE PIECES HAVE IN COMMON' 



Xffhey^are all made of clay; they are all made of the same 
material,) ^ " ^ ^ . ' 

: Then .say: . • A ^ ' i 

' jt Wfi CAN FIND SOME RELATION BETWEEN THE VOLUME 

* ANE^ WEIGHT MEASUREMENTS OF ALL THESE' PIECES OF 
, Cfe 'MAYBE IT WILL TEACH, US MORE ABOUT OUR DATA 
" F0% fHE'METAL PIECES. , ' 



Activity Be**- .... 

^ - Hav^^t^ie class gather around a demonstratfpn table. Show 
, ^tfie^^two* balls of clay^\hat'you have previously pppared and . 
kftQvito*,be of identic'amze and weight. (These each, weigh ^ 
. • 4 paper cups or 40 'pa gene lips-, and displace 14 millimeters 
of water J Ask the chdldrekto describe some of the' proper- 
ties>of the 'two balls.' (Theirare of the same color /"and the ^ 



same material, and they .dppeat to be'the ^same^ s|ze.) • ' 

■ HOW CAN WE" MAKE sure: THAT.\fHESE,5^b BALLS OF 
.CLAY ARE THE SAME SIZE? (Mea'sure the amount of water 
? / each displaces.) " . • 

^ a straightened paper 'clip into eSch o^(he clay balls, an^ 
then select two childfeYi to measure the volhnie of the balls". 
'Ask one chilTd to do the acty^il measuring and/^e other to 
■ check. for abfiuracy at each step. Write the re^l| (J"'4. milli- 
meters displaced} on the chalkboard. Then ask'; -^.o 
" i' ■ ■ ' ■ • : .'Vx • • ■ 

IF THE VOLUMES ^RE T^JE SAM.E, WHAT RELATldN WILL 
' THE Weights^ HAVE TO Olsfi AlifOTHER?. WILL THE 

WEIGHTS BE THE SAME, OH'DIFFERENT?^ {Prbb'abl$r^most 
'• o chilflcen williiredict that the two balls vvill wqigh the 
saitie.) * . . ' ■ . ! ' 

\ HOWCAN WE CHI>CK•T^O BE^ SURE? (W^ill jhave to' ^ • 
weigh them.) , . 

Choose two children '(one weigher,, one checker) to measure 
the- weight of ^eabh/ban on the beam balance. The. balls . 
^ . .should balance eacli o't^er, and each' should weigh about . 
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Activity C" " - . ^ J ^ 

Provide, each group of four chilBren with ecjuipment ,fpr n\easur- 

the same kind of clay used in the-previous activity. Tell each 
group they may break their stick of clay into, four pieces of any 
size that is* measurable with their equ^pmentiv^ Remind the chil- 
dren that if they have to start with less waterHn a cylinder in 
order to submerge a rather large" piece of clay^ they should 
wrjlte down the starting level very carefully> so that when they 
do their 'subtracting they will-not forget what the level was. 
Remind the^ildren to insert partially straightened paper clip^s 
in the cl^y when measuring the volume^ Ask the groups to try 
to be^:§ accurate as possible^^and to check each rrieasiirement 
very very carefully. Each child shpuld^record the measure^ 
;rfents for each of the four balls on Worksheet 9, figure out the 
/ordered pairs ; and then plot the. points on Worksheet LO.- 

When all the groups have plotted their .data, have spokes- 
man from each group report their findings to the class. Allow- 
ing for measurement error, most^pf the- ordered pairs should 
fall on the original line. Have the children now label that 
line, '*Clay.*' Then write on the chalkboarcl: 

IF WEIGHT AND VOLUME MEASUREMENTS OF A CERTAIN " 
MATERIAL ARE. PLOTTED ON A GRID,. ALL THE POINTS WILL 
FALL ON A CERTAIN STRAIGHT LINE THAT STARTS AT THE 
ORIGIN (0,0). ' 

' Let the children know that, so far, this is only a hypothesis 
that appears to be true when they used different amounts of 
the same kind of material — namely, clay. Then ask: • 

" DO YOU THINK THAT THE ORDERED PAIRS WE MIGHT GET 
. FROM MEASukiNG THE VOLUME AND. WEIGHT OF A.DIF-. 

FERENT KIND OF MATERIAL WOULD ALSO PALL ON THIS 
" SAME STRAIGHT LINE? ,^ 

Ask\ie children to think about the question.'' Then tell them 
that they will be investigating this problem in the next lesson. 
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probably .say that the weigjjt of the larger balHs double 
that of the smaller.one.)' . > 



. HOW COULD WE CHECK TO SEE IF THiS IS TRUE? 

Using three beam balances and three water di,spj^c|.ii}en±«eet§"/ 
hav'e three children measure- the-vaiuirie^ntJ'^'^^ of each 
ball of clay. You may want tQ assign a partner tb each child 
as a~checker. ^When the children have finis^hed, record their 
data cn a chalkboard chart like this: / . ^ 






Volume 

/ 


M 




^^-^^d^^er^d Pairs 


Ball 1 
(Small) 

/ 






(7, 20) ■ 


Ball 2 
(Mediuaii. 


/ 

/ 

^? 




40 clip,s-„^r. 


(14, 40) 


Balr9^ 
(Large) 




21 


:^<o ci 


Lps- 

/ 


(21 , 60) . 




/ 





The childrek should see that as th^fe volume doubled and tri 
pled, the wUights doubled and tripled also. Record this 
genera lizatilon on the chalkboard:/ 

IF THE VOLUME OF A GIVEN ?tlATERIAL IS INCREASED A 
CERTAIN :^U^^|iJER OF TIMES, /THE' WEIGHT WILL BE IN- 
GPvS;XSiE;6^3y^%IAT SAME NUr^BER OF TIMES, 

Now discuss tne fact that in eafrlier units, the children fgund 
It helpful to gra^ph their data in order to understand it better. 
Suggest that it i^ay be helpful /to graph the clay data on a grid, 
too. Discuss ho\w this could be done, i.e. , have volume along 
the over axis, an\l weight alojfig the up axis. Develop with 
them the ordered pairs for ea9h ball of clay, and list these 
on the chalkboard chart. ' 




Worksheet 9 
tntt 26 



Name . 



Clay 
Piece 


Volume 
( tn cTTJ rise 
of water) 


^eiKht 
< If) paper cl Ips) 


Ordered 
Pa 1 rs 


Ball t 


7 


20 


V H 
( 7 ,20) 


Bal J 2 








Ball 3 
^ Hi?r«e) 


£1 






Ball 4 








Ball 5 








Ban 6 








BaU 7 

L 


1 







\ 



Have the children Return to 
their seats and open their 
Student Manuals to Work- 
sheet 9 . Ask them to copy 
the data for the clay from * 
the chalkboard chart to their 
worksheet. They should 
then fold out Worksheet 10 
and graph the three ordered 
pairs on it. 
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When the children have finished graphing, ask them if they 
notice any interesting relation among the three points. 
Some students will probably notice that ^11 the points appear 
to be ocated on a straight line. Using pencils and rulers, 
ask the children to draw the straight line that connects the 
three points ana extends beyond them in both directions. 
This line should start at the origin (0,0) and go through the 
three points to the righthand margin of the worksheet. When 
the children have done this, ask: 

IF WE PLOTTED OTHER VOLUME AND WEIGHT DATA FOR 
OTHER PIECES OF THIS SAME KIND OF CLAY, WILL THEIR 
ORDERED PAIRS FALL ON THIS LINE, OR WILL THEY FALL 
SOMEWHERE ELSE? 



{ 

/ . > Activity C * - 

Provide- each group of four chil'dren with e(^ulpment.for n\easur- 

— , — »4n§-\^tt^ne-e«d-weightT-^^ 

the same kind of clay used in the previous activity. Tell each 
group they may break their stick of clay into four pieces of any 
size that is measurable with their equipment. Remind the chil- 

dren that if they have to start with less water in a cylinder in 

order to submerge a rather large piece of clay, they should 
write down the starting level very carefully, so that when they 
do their 'subtracting they will^not forget what the level was. 
Remind the Children to insert partially straightened paper clips 
in the clay when measuring the volume. Ask the groups to try 
to be .a:fe accurate as possible, , and to check each measurement 
very 'very carefully. Each child should^record the measure- 
ments for each of the four balls on Worksheet 9, figure out the 
ordered pairs, and then plot the. points on Worksheet 1-0. 

When all the groups have plotted their .data, have a spokes- 
man from each group report their findings to the class. Allow- 
ing for measurement error, most of the ordered pairs should 
fall on the original line. Have the children now label that 
line, "Clay," Then write on the chalkboard; 

IF WEIGHT AND VOLUME 'MEASUREMENTS OF A CERTAIN 
MATERIAL ARE PLOTTED ON A GRID, ALL THE POINTS WILL 
FALL ON A CERTAIN STRAIGHT LINE THAT STARTS AT THE 
ORIGIN (0,0). 

Let the children know that, so far, this is only a hypothesis 
that appears to be true when they used different amounts of 
the same kind of material — namely, clay. Then ask: - - 

' DO YOU THINK THAT THE ORDERED PAIRS WE MIGHT GET 
FROM MEASURING THE VOLUME AND WEIGHT OF A. DIF- 
FERENT KIND OF MATERIAL WOULD ALSO FALL ON THIS 
SAME STRAIGHT LINE? . 

Ask the children to think about the question/ Then tell them 
that they will be investigating this problem in the next lesson. 
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Lesson 8: ' CHECKING VOLUMEAVEIGHT. RELATIONS 



J. 



pcrses-'o f lli is lesson dr 6rr" (l) L u hd v e Lhn e child r e n 

check, with other materials, the hypothese.s they made from 
measurement's of the volume and weight of clay/' (.2) to have„ 
the -children learn to distinguish one material^ from another 
by looking at the slopes of the' lines graphed for each mate- 



volume/weight graphs with the hardness tests made for the 
same metals in Lesson ^ ^' 

Using three different kinds of meta-ls, the children find that 
the following hypotheses they made about clay hold true for 
each of the new materials: * 

I , For two objects of the same material, if they have equal 
volume, they also have equal weig^, \ ^ 

1. If the' volume of a given material is doubled-, the weight 
is also doubled, 

3, For each material, the points plotted from the ordered^ 
pairs of volume and weight measurements will fall in a straight 
line from the origin; „ * - 

The children will also make^a new hypothesis: If a point 
plotted from an ordered pair doe^ not fall on the straight line 
for a given material, it is probably a different kind of.mate'^ . 
" rial from that represented^by the- line;'' 

' " ^. ^ * " 

MATERIALS 

— for your demonstration (Activity A) — 

- I set of volume and weight measuring, equipment 

- 3 metal pieces marked C 

- - 2 metal pieces marked W 

• - cellophane tape ' . ' 

- 2. pieces of string about 8 inches long 
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7-"foreach child (Activity A) 

- W^r'l^ ^h PPt ^ ft Q_n d I'Q _ — : 

■ - — ^ for each group of" four (Activity B) — 
*. - • 1 set of volume and weight measuring equipment 

'■ "^^^^"IorrtTg-claW-(Ac£i yity B) -- ■ 

' - metal pieces A, D/K and L (and later, pieces B, G and P) 

-- for e ach, child^. (Activity -B) . 

^ Worksheets "10. and II ' .* ■ ' 

PREPARATION ' ' ; . 

-Arrange 'the materials for each group of four on a tray for 
Activity B, Place the metal- pieces they will use in this ac- 
tivity in a convenient place. (Set metal pieces B, G and 
P aside to introduce near the end of the lesson.-), ': 

PROCEDURE - / - • . 

Activity A , . • ' . • . ". 

For your demonstration have rea% one set for measuring ■ 
volume and weight; three C pieces of metal and two.W pieces 
some tape and some string. Have the children gather around 
the demonstration table. and. briefly discuss with them some of 
the hypotheses made in the previous- lesson: 

' When measuring-two objects of the same material: ' " . 

1 . If .they have the same 'volume-7- both will have the same 
weight. 

2 . If the volume of one is greater, its weight will be greater. 

3. If .the volume of a material is doubled, its weight jyill be 
doubled. . - , . 



4; All volume/weight measurements; when plotted, will fall 
oh the. same straight line if the material is the same for all 
or-dered-pa-iri^ — (Xhi-s-^line-wi41-gcuthr-augh-4:he-origin-^ 



Tell the children that you^ould. like to have them check these 
hypotheses and see if they hold true for a kind of material 
other than clay. Hold uptwgLoi±hfiJ:^-pi^^ 



dr^H-^wt-eachnt-STnaf^^ and so you presume they, are both 



made of the same material. Have a few children compare the 
two pieces and see that their volumes are the same. Then ask: 

SINCE THE VOLUMES OF THE TWO G PIECES SEEM TO BE 
THE SAME; SHOULD THEIR WEIGHTS BE THE SAME ALSO? . 
(Yes; if their hypothesis about the clay is true for other 
materials, too. ) - - . 

Have a child check the weights of the two pieces on the beam 
balance. The class will agree after this checking that so far 
the hypothesis seems to be holding true for this ^new material. 

Now" tape two Q pieces together and bring out a third G piece.,. 
Ask the children How the two^taped pieces compare in volume 
and weight "with the single piece. (The volume and -weight of 
the taped ^two C pieces should be double that ot the single C 
piece J Have a child check the water displacement measure- 
ment and another check the weights. They should get these 
results: . ^- 

Volume Weight 

C (alone) . 9| • 42 ' . 

2C (taped together) '19 '84 

Now the third hypothesis (that if the volume of a material 
Is doubled, the weight doubles) seems to hold. true of this 
material, too. Ask: j^, ■ • ■ 

DO YOU THINK, IF W*E PLOTTED THESE ORDERED PAIRS 
ON- A GRID , THAT THE POINTS FOR THIS MATERIAL WOULD 
FALL ON A STRAIGHT LINE THROUGH THE ORIGIN? 

< KJ . - 
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Let the children sg^eculate-. — Thexrarsrk'hovSrthey could, find out, 

ordered pairs (9|, 42) and (19, 84) .] 
But before the children do the plotting of these points, ask 
them if they think the points for material G y^ilLfall on the 
clay line. Then have the children return to their desks and 



When the children have finished plotting the two points, dis- 
cuss their discoveries, namely: that the two points for this 
^ '"iTi ^M^ ' i v '^ ^f^]^ ^hp nj av line, but appear to be Ivina on a 

straight line of their own that also goes through tbe origin. 

Now ask the children whether or hot a^yr^.of-th'em J^now the 
name of the material in metal pieced. (They probably will 
not be able^tO' identify it by name.) Explain that the metal 
■ __-'is'i5aired "aluminumy. You might like to know that the word ^ 
" — '^'^ "aluminum" comes from the Latin word "alum^* meaning "an 

astringent;" It was originally extracted by Oersted from 
a fused alum salt (probably aluminum sulfate). Write 
."aluminum" on the chalkboard and^have the children write 
it aldng the new line oh their worksheets. '~ 

After the children have drawn 'and labeled the aluminum line, 
remind them that ev^n though their hypotheses have prayed 
to be correct for two. different materials, a better test would 
^ " be to try still another kind of material. Ask the children to 

.^^' V^ic look a't: .Work she e^t 8 and notice the volume and weight daita 

they ha^e gather*|& for metal piece W. Quickly demonstrate 
that two W piede^* Balance each' other they weigh the same 
• . ^ amo'uht. . , ^ , . 

On the chalkboard write the volume/weight ordered pair for 
, metaLW (5; 62). Ask the claiss what the^^ordered pair for 
two W pieces taped together would be. if Ihe hypofhesis that 
doubled volume meanVdoubled weight is true (10, 124); 
Tape the two W pieces together and hav^e one pair of children 
measure the volume > and another pair measure the weight. 
Allowing fpr measurement error, the two W pieces should be 
•* double in volume and double in weight, ,as predicted. * 

Now you want the children to test the fourth hypofhesis that 
the points plotted from ordered pairs of the measurements of 
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volume and weight for two objects made of the same material . 
will fall 6n a straight line. Have the children plot the two 
ordered pairs [{5, 62), (10., 12.4)] on Worksheet 10. But, be- 
fore they .do this, ask them to pre dlct^h ether or not the points 
will fall on the clay: line^Ton the alumiftum line, or some- 
. where else. Some children may say that if the material in • 
piece W, is riot aluminum (it obviously is not' clay) , the points- 
will probably not fall on the aluminum line » Now have the . 
children plot this new line, . . . . ^ ' 



Ask if anyone can guess what the name of the third material 
is. (They should not be. able to identify it from the informa- 
tion available to them so far;) Then teii the class that this 
material^ is known as "steel* " Have them write steel on the. 
new line they drew through the plotted points and the origin » 
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Each child should -now h^ve three differfe^MMes going WdugR" 
the origin, and you are ready to help th^m make the following 
generalizations; 



I . That volume/weigrht points plotted from ordered pairs for 
a'given material will fall on- a straight line through the origin. 

2] That if kti ordered pair does not fa|l on a straight line for 
a 'jgivfett' material (allowing for measurement errors), the new 
prliht- ceBreserits a different kind of materia'L' ■ * 



Asfc the children if they think they.-could use the volume/weight 
relations they have already plotted to help them identify the^ 
set of metal -pieces they worked with. earlier. (Yes, if some 
of them were of the materials already -plotted, the children; - 
coild identixy those that fell on certain lines. They would 
have to plot the data on their grid.)- Have the ehildren-'com-^ 
plete the chart on Worksheet' 8 by writing the ordered pairs 
for the volume/weight data. When they, have done this", they 
should tear put Worksheet 9 so that Worksheet 8 fac6s Work- 
-.shegt l"0 (their grid) . Now it is easy to plot the ordered pairs 
from Worksheet 8 on Worksheet 10. Ask the children- to .label 
each point with the letter tljafis on the metal piece. 

When everyone has completed graphing the ordered pairs , 
discuss the children's observations: ' 

\\ Points S "and W fall; on the;s'ame line, and therefore may 
be made of the same material — steel. 

2..r-Points C, O, H'and T all seem to fall on Ctf near the ^M-''' 
minum line. ^ 

3. Point E is close to the steel line, but is far enough away 
V tb-represent, possibly a different material. ^ 



These observations should be compared with the observations 
made when' the metal pelces were tested for hardness. The • 
ordering by hardness is shown on the next page. 
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Softest 



--^^Next^Hardesi 



-.Hardest- 



H^, C, O, T 



According to the hardness test, E was softer than the other 
metal piecesT tkus it appears to bQ a different material than 
the others., Have the class draw a new line that goes "through, 
the origin iand point'E, iMentioti to the class that every test 
for a property seems to bring more, information about a mate- 
rial, so\h6 more tests they can find to do, the better,-. How- 
ever, they ihav^ not yet learned enough tests to identify un- ' 
known materials^ """ . , 

Activity B * ^ ^ * / . ^ 

Teirthe class that you have a few more metal pieces (A, 
K and L) for them to measure for volume ahd weight. Ask the 
children, toj work in the; same groups of fpur as they did be- 
fore. Eacri group should find the volume and weight of each 
' of the newipieces. T^iese should be. recorded on Worksheet 1 1 
then plotted on Wdrkgheef 10, - 
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"When all the groupis have finished,., discuss their results. » 
• ihe'pbints for A,- D, K.and%'should fall on oii^near the ?ame 
line as E. Tell the children ^hat these,pieces are-made of ' 
jmetalused in priritirig and- i/l typewriters artd are -called, "typje 
metal." Ask them to label^his line accordingly. ' 

' ■■ ■■ •' y . '■ ' \ '■"'-'/'. 

Points B, G and.:^ sHdtild fail on or n.ear the'»al.umin'um line, 
■„ {The placement-of all meta'rfjieces should also be checked 
by the hardness-test.) • '• • < . 
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Tell me CiaSS tlldt iU LUC UC^AL^ICOOW.** u**^jr ,r^**-. ..^ — ^..^ - 

story about a man named Afchiinedes who uised volume /weight 
relations to solve an important problem. ' ; 



'save all copies of "Worksheet I 0 for use. yn Lesson 9'. 



Lesson 9: USING THE PROPERTY OlF pENSITY 

— — — ' — TT^f ^ — ^ 

tn this lesson the chil,dren. ii,se their knowledge of voiurpe// / , 
weightVelatipns to' spi^e a' problem. They gee ihe usefulness 
^ ^ of density as bheway,of testing materials to find out rnore 
•* about them. XlieYalso le^m'to identify density with tl;ie slo^De 
• of a line on Vvblume/weight graph. . " . 

The nam^ "density"' is gived to the volume/weight relations ; 
the childrea.have be^n studying in this section., (More pre- * 
cicely, density i? defined as the mass per unit volume rather * 
than the^ weight. peY unit voluirfe, or as the slojDe of a mass/ 
^ volume Iin6'1j'a1;he.r'th,an,a weight/volume lihe, Mgiss the , 
amount of suUstance or material in an (Sbject^ jwhereas weight 
is ther gravitational force or puirth'^'e^arth^or: dther 'large -lx)dy^ 
^ ^ exerts on the obij§ct. An astron^aut's mdss) fbr'examp.le, is 

:np^rly>alwayV the same but he has no weight in orbit c^nd only 
. , ' one-Bixth of his earth weighfon jth,e mdonC On the surface .oi 
the earth, weight and mass are always proportional/ so either 
one'may be measyred to determine the other, ^ Since weight is 
easier to measure and easier for children to ^understand, weight 
rather than mass was chosen for the work with density at; this 
. level.) . • I, ' 



The children .observe that, for a given ynit of volume, tjie 
weight of a denser maj:eria{,will be greater than that of a less , 
den^e materiaL *Bi^rl6oklng at the slopes of the vdlume/wefight 
graphs for two .differ^ht^ materials, the children should be able 
to compart their densities/ That i^, they should see that tlie 
greatervthe ?lope of the volume/weight graphs the greater the . 
density of the material. * . 



MATERIALS 



- ^story, "Archimedes and the Crown," provided on pp. 75 - 89 
of this ^lesson, and in* the Student Manuals 

- 2 balls of equal weight, I made entirely of clay and I *with y 
* cork hidden ins^e the a^y * . • * ? 

I set of volume ahd weight* measurement equipment ^ . 



I 



- 2 straiglitened paper clips 

- Worksheets 10 and .12 



PREPARATION 



Before- class, moid a- 'ball of clay and a clay "crown" that^ 



have, a 



weigh thf same amount. The clay "crown" should'; 
small cofk> hidden inside of it, so that it will displace more 
water than the ball of pure clay. x""" 





Clay crown 'with . ... Ball of clay 

cork hidden in it 



The ball of clay and the clay "crown" should be small enough 
to fit in the -water-displacement cylinder. They can be de- 
formed for this purpose, but be sure the children do not see 
the cork inside the crown. . - ■ 

PROCEDURE — . . - 

Activity A - . ' , ' ■ 

Have the children open their manuals to the beginning, of the 
story, "Archimedes and the Crpwn. " Read the story with the ' 
- chilaren. following along-, until you comejo the question,,^ 
"Can you figure but how Archimedes solv^B^^^hf-PCSb^? " 
At this point,, have the children- close their manualsTTSnd 
gather around the demohstration table. -SKow^he class.the- 
ball of clay and the clay" crown. Tell the chilafen-thaXthe 
ball of clay represents th^-churik of goie in the story, ana"^- 
the clay crown represents- the crown the goldsmj.t'h made. 
Then ask: ' , / 

~ i WHAT PROPERTIES DID THE CHUNK OF.GOLD AND THE 

CROWN HAVE. IN^COMMON?' "(They looked as though 
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they were both of the s^me\material, and they weighed the 
same.) 



Have a child check the ba 
lif they weigh the same 
ksk: 

\ 4^ 

WHAT IS THE.PROBLEMIARCHIM 



1 of ciay and the clay crown to see 
(they should balance each other.) 



)ES HAS TO SOLVE? (He 



has to find out if the crown is made of pure gold.) 



HOW CAN HE DO THIS}? HOW MfeHT WE FIND OUT IF 
\ THIS CIAY CROWN IS MA^DE OF PURE CLAY? 

■ . ti ■ 

Lex the children think abqut this/ Someone vail probably re- 
memb'er from the last fewj lessons -that, \foj the same kirtd of 
material, if the weights dre the same thW volumes should b^ 
thd same. Maybe that i^ the thought that opcurred'^to Archi- 
me(^es as he lower.ed himseif into the tul]|^and saw the vyater 
rise. Let the. children test this hypothesis by^measuring the 
volume of the ball of ciay and the clay crown. (The clay 
crown should displace more water than the clay ball.) 

Ask the class if the volume/weight orderea pair for the qlay 
cVnv;n would fall on the clay line on Worksheet 10. Have one 
cjiild measure the weight and volurtie for th^ crown,, and an- 
other child do the same for the ball of clayl Put these-crdered 
^airs on the chalkboard and ask the children to plot the "points 
on their worksheets. The point for the crown will not jfall on 
the clay line — it willjbe located somewhere below the clay' 
bne. The children should now see that the clay crown is not 
pur.e clay. „They should check this by breaking, the crown a- 
part and finding the cork. Now finish readir^g thfe. story to the 
children-. / 

/ 

Ask the, children why/ Archimedes used neither the scratch test 
for hardness nor the 'breaking process on the golden crown. 
Couldn'jt he have io,4n4 pui^\'hether or jiot thei crown was made 
of pure ^gold more quickly if he used these tests? (Maybe, but 
it, would have ruined the crown to scratch or break it, and if 
it had turned out to be made of pure gord afte](" all he would 
have been in trouble.) - 
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Tell the children that the volume/weight relations* that they 
have bedn studying indicate a property that is known as den- 
sity* Have them turn to Worksheet 10. Tell them that .the 
slope of the clay line represents the density of clay and that 
the slope of the aluminum line represents the density of alu- 
minum. Do this for all theUines the children have graphed, 
finishing with the density of lype metal. Explain that one 
can describe some materials as denser than others. Remind 
them. of .their ekperiences* with the cubes of similar si2e, S 
and T, and hoWi they observed at that time that "some ifiiate- ' 
rials seem to he heavier for their size thari-others . Ask how 
they vould now- put this observation into other .terms, e.g. , 
. VS is ma-de of a denser material than T is." Then say: 

LOOKING AT ALL THE LINESTOTTHAVE-GRATOBI^GN-^^ 
SHEET 10, .WHICH MATERIAL DO YOU THINK IS DENSEST OF 
ALL? (Type metal.) WHY? . ^ 

Let the children think about and discuss the reasons.. Then 
bring into the discussion the following ideas: 

I . For a given volume, type metal is the. heaviest, of all the 
materials studied. Steel is heavier than. aluminum or clay for 
the same volume -7 therefore^ steel is denser than either alu- 
minum or clayi but less dense than.type metal. Discuss sim- 
ilar examples with' the class, including such questions as: 
."Which material is the least dense? (Clay.) Which male- 
rials are denser than aluminum? (Steel and type metal J 
Which material is not as '"dense as aluminum? ' (Clay.) Is 
the .density^of the clay crown greater or less than the density 
of the clay ball? (Less J ' ' , . 

2. The denser the material,, the greater the slope of its 
"volume/weight graph, Hav^-the children give examples of 
this , by showing that the^iope of the type metal density 
line is greater than the s,lope of other density lines, etc. 
An analogy can be made to the slope concepts jused in Unit 25, 
where on time/distance graphs of the motion of caTsT^the- ehil^ 
dren saw that the greater the slope, the greater the speed it' - 
represents. - 



3. Being able to figure out the density of a material (the re- 
lation between its volume and weight) is a 'valuable^ test in 
helping to distinguish one material from another. It is espe- 
cially useful because the object to be tested does not have 
to be mutilated in any way (unless it happens to be soluble 
in water)./ * , 

Have the children do Worksheet 12. 



Uorksheet 12 
tntt 26 
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Cse this KMph to ansi*er the questions. 

*hlch line ha^ the greatest slope?. 
2.\Vihlch material Is densest?. 



X 



X 



3; *JJjch material is the least fdensef *^^yM^ 

a: Poin^ A, B, aiid C all have a unit vbluine of 

\ ■ ^ 

\ - ' . . 

5. "Ahtch pol^jt represents a «?reater welsht 

A. B. or ^ — 

\ 

6« *hlch point r^resents a denser material,— 

\ c 



A, B. or C'>- 



Ask the children to bring in 
from home any ''small objects 
they want to test for derisity. 
The only qualifications are 
that the objects will not melt 
in water and will fit in the 
water displacement cylinder. 

In the next lesson the chil- 
dren will have an opportunity 
to test everyday objects for 
the property of density. They 
will use small objects in the 
classroom ac well as appro- 
xpriate Items brought from home, 



X 



SO 



* . , Archimedes and the Crown 

Long ago, one. of the largest; and richest cities in th.e whole 
world, was Syracuse . It was a Greek city. In those days a city had 
its own king. The king of Syracuse was named Hieron (HIE-uh-ron) . 

The Greeks at that. time had a religion that was different from 
any of yours. They worshipped many gods. They used to go to the 
temples and leave gifts for the gods. This is a story about one .of 
those gifts. 

o 

1 

The* people of Syracuse had lived a long time without troubles. 
They thought that this was because the gods were pleased with them 
So Kieron, the king, decided to give an especially beautiful gift to 
the gods; as a way of'saying/ "Thanfc you. " 

lie sent a heavy chunk of gold to the city's best goldsmith, 
and asked him to make it into a crown for the gods. One thing you * 
should know — Hieron weighed the gold before he gave it to the 
goldsmith, to be sure that i-t would all be used for the crown. 
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The goldsmith worked long and"hardi \A^en he was finishe.do 
everyone agreed that he had mads the most beautiful crown they had 
ever seen. \ 

Hieron thought it was beautiful too, but there \)y^s something 
else he wanted to know. Had the goldsmith'kept any oVlhe gold, -or 
had he put it all into the crown? So Hieron weighed the d^wn, and 
he*found that it weighed just as much as the chunk of gold fie had 
given the goldsmith. He was satisfied, and the crown was.taW to 
the temple: There was a great ceremony aad the crown was laid^pn 
"the altar. . 



SO 



•At that moment there was a crash of thunder, A terrible storm 
came up, and it, stormed for three days and three nights. And then, 
when the storm wa5 over, the weather did not get bright and cle^r 
again. It stayed gray and gloomy for a lpng> long time. 

So the pepple began whispering to each other, "The gods are " 
angry, They believed that the gods decided every littJe '^hing that - 
happened to people, Wherfever bad things happened, thdy said the 
gods were angry, and whenever good things happened they said the 
gods'^were pleased, * ' ' 

As the storm raged, and as the gloom went on, wherever people 
met they said the same thing, "Tho gods are angry. 

In Syracu^^e^wheri people v/anted water they went tq a public 
well. And when they met th^re to draw water, they whispered, "Why 
do you think the god,s are angry?" 

When people wanted to bathe or swim they went to a special 
buildingv the public baths. And when they met there, they whispered, 
"The gods are angry oecause the crown that Hieron gave them wasn't 
pure go i<^." ^ \] 

N 4 . * 



You can be sure that it dldn'.t take long for Hieron'to 'hear 
what the pec^ple w6re saying. He vyas vfery worried, because of 
course he war\ted the gods to be pleaseci so that^they, would con- 
tinue to give the -people of Syracuse gdod lucK. 

But what could he do? He had welghed/tlie crown, and 'had 
found that it weighed just as much as^^hunk of gbld he" had 
given t*he goldsmith. What more^c^ld he do? j 
* ■ He called\in one of the. city's- wisest men, Archimedes / 
' (ARK-uh - ME-dees),'. ■ He-a^l^ed Archime^'^s-if-he k new-haw. .to iell 
whether or not the. crown y/as pure gold. 

' Archimedes d\d, not know any test that would tell.. But he' 
was wise enough to know that he didn't know evefythingi If hj'e 
didn't know a test, it didn't, mean that there wasn't any. So )^e 
, thought and j:hought foi^ many days and nights. The pro^lem^-was 
on his mind /hen he ate and^wh.en he walked and even whefi'he 

♦ • 

slept. / A , ' . 



One afternoon he v/ent out to the public baths. He Walked 
down the street and looked up at the gray sky and shook his, head 
'sadly< The .gadsjA^ere still angry. He stepped into a very ^11 bath 
tub anci let himself down slowly. He; watchffed/the water go higher 
-and higher in the tub as'^e went Ic^wfer and loWer^to it. - By the 
time all of him except his head was' under the water, the water had 
sjpille'fi out over the top. 'He lay there in a Sort of dreamy way> / 
'watching the ripples on the surface of1:he water. ^ • 




Suddenly 'he jumped up with a great splash* "Eureka," he 
shouted. (In Greek that means "I have found it!") He never even 
Stopped for his clothes, but ran out Of the bathhouse and through 
the stre'ets of Syracuse shouting, "Eureka, Eureka! " 

What do you think he .had found? .Of course — he knew how 
to find out if the crown was pure gold. Can you figure out how 
Archimedes solved the prpbiem? ♦ ' 



'■ He took a container that had a spout at the si°de. He filled 
it with Water just up to the opening of the spout. Then he lowlred 
into the water a chunk of pure gold that weighed just as much as 
the crown. When he put the gold into the water, the water rose and 
ran out the spout, ^e measured how much water was displaced by 
the gold chunk. Then he refilled the container and did the same 
thing with a chunk of" silver that weighed just as much as the crown 
He measured the, amount of .water that the silver displaced. And 
last of all, he put the crown itself under water and measured the 
^amount of w^ter it displaced. . . ^ ' 

Archimedes compared the three amounts of water, and then 
he said, "The goldsmith cheated you, Hieron. The crown is not 
pure gold." " ' 
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Lesson 10: INVESTIGATING THE DENSITY OF OTHER MATER 



The purposes of the lesson are: (I) to have the children use' 
the property of density as a test of what a material may or 
may not be; (2) to reemphasize the fatJt that testing for only 
one property is not adequate for identifying a material; and 
(3) to have the children apply such scientific processes as 
observing, formulating hypotheses, and gathering and graph- 
ing .data to test the hypotheses. 

The children are given opportunities in this lesson ,to use the- 
property of density to investigate the materials of which some 
small common" objects are composed."" They should test sev- 
eral sach objects brought from home", as well as s^irTie-foun^a^ 
in the classroom. , Thete are only two Uroitations' on what ob- 
jects can be tested: (I) thejobjectCshould not be soluble in 
water and *(2) they^-shoulB be small enqugh to be^measured in 
the waterdlsplacement cylinder. Some appropriate objects 
are: 

pencil stubs " very small rnetal toys 

crayons rocks or pebbles 

rubber erasers buttons 

coins nails or screws * 

beads - Minnebars 

glass ^> , vegetables (piece Qf raw 

keys potato, smair carrot, etc.) 

If very small objects, such as paper clips or safety pins are 
used, several identical objects can be taped or tied together 
to provide a larger sample of:the material. 



MATERIALS 



— for the dernonstration (Activity A) — 

- I pen light battery * • 

- scissors * ^ * ' 

- 1 piece each of aluminum, type metal and steel (from pre- 
vious lessons) - ' ' \ 
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- hammer 



— thick padding of newspaper or small board on which to 



break battery 



for each group,. of four 




- I peniight battery — -^-^^A 

- x^olume'^^anTd weight measuring equipment 
several small objects to measure for density 



for- eaohfx^hild 



- Worksheets I 3 through 19 

- scissors 



Activity A 



Organize the class into groups of four.- Give each group one 
peniight battery. Then ask: ■ ^ ,^ 



Let the children speculate. Then ask a child to scrape some 
. of the paint from the side of the battery-with*-scissorsi — H,2ive^ 
him show the class that there seems to be metal under the 
paint. Then say: 

THE BATIERIES SEEM TO BE MADE OF SOME^RlND OF METAL. 
. WHAT PROPERTY MIGHT Wt TEST? (Hardness.) 

Hav.e volunteers test the" hardness of the batteries with the 
hardness of metal samples of aluminum, type metal and steel, 
^ (They- will find but that the battery will scratch type metal 
and aluminum, but not steel,) State the result: 



IT APPEARS ThAt THE HARDNESS OF THE BATT£RY IS SIM- 
ILAR TO THAT OF STEEL. - 

Then ask if there is another property that the children could 
test. They should think ol testing the density. Follow this 



OF WHf MATERIAL DO YOU THirJK THE BATTERIES^'RE 
MADE? ' ' ' ' 
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up^ by suggefstlng that perhaps the 
out whether or not the battery materibj 



chflldren would 'like to find 
is as dense as steel. ' 



Have each jroup come 
' and get their volume 
and weight measuring ' 
equipment, and ask 
thfem to tmeasure'the 
'Volume and weight of.. 
the battel t >s you have 
already given them. 
When all the groups 
have done this, ask 
for the data from^each 
group,. Errors should 
be corrected at this 
time, and a reasonable 
set of measurements 
agreed upon for the or- 
dered pair: (9,. 34)-. 
Each child* should re- 
cord the name of the 
object acid the ordered 
pair on Worksheet I 3 
on the line marked "A'* . 



Worksheet 13 

Unit 26^* 



Group. 



Nan 



Dnta Sheet 
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Nex-t ask how the densities of the battery and of steel could 
be compared. (By plotting /the>olume/weight ordereid pairs 
for each material on the s^^me grid.). Some child may notice 
that Worksheet 14 already has graph;s representing the den- 
sity of steel and o£ some other matei^lals.j Call attention to 
this' and say that all th'e class realli^ needs td-'dols plot the _ 
ordered pair that they have agreed upon as representing the , 
density of the battery (9 , 34) on Worksheet 14. Each child 
should do this. He should label this point. "A".to agree witlr- 
Worksheet 13.. - ... 
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When the children have labeled the point that represents the 
density of the batteries, ask v\||ether the battery material is 
a§ dense as steel, - * " 




The chiWren will see that the battery's density is-less tfian 
steel and even, less than that^of aluminum. Discuss with the 
class what this could mean: ' ^ 

1 . Since the battery's density is so^much less than steel, 
it probably is hot steel. . ^ ^ 

2. Since it seems to be less dense than aluminum — and 
yet it is -harder than aluminum — it is probably not aluminum 

^either. 
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Ask: 



. - \ 



DOES THIS .MEAN THAT^BERBJS ABSOLUTELY NO STEEL 
0!V^UMINUJC4 IN.THIS'feATTERY?' iNo. The battery may • . 
.be made of more than otie material, induing, |^^e^steel,^ . 
or aluminum. It probably is'npt pure steel-or alumllfiupi.} 

HOW CAN WE FIND OUT IF THIS BATTERY IS MADE OF SEV7" 
* ERAL MATERIALS? '(We cou<ld run further tests on it. The 
most obvious and easiest test would be to take-the battery 
^apart,) 



bell the class thai instead 6f ruining all the batteries , only 
one will "be taken apartr Place thick newspaper or a board 
on the floor. Place .the battery on a sheet of white paper and 
use the hammer to break it open* To do this most easily, 
pound along the seam of the blittery. When broken, the dif- 
ferent materials of which the battery is composed wil-kbe re- 
vealed. Black powder will spiU out and pieces of a hare 
carbon ^rod that was the center core of th^ battery will be 
seeti. It is b'Qst to^use a stick or pencil when examining the 
carbon, as it contains paste and therefore clings to fingers 
and clothing. When you have shaken out all of the carbon, < 
there will still be visible a^ cardboard liner inside of the metal 
which is zinc. . 

^Pass the smashed battery around so the class can see that it ^ 
is indeed composed of several materials. Ask the children to' 
name some of them.. They might mention: paint, metal, soft 
carbon powder, harc^ carbon core, acid and cardboard. 

*Discuss with the class liow one* might find out what the outer 
metal of the battery is* The children should see that if they 
could separate the. outer metal from the other materials, per- . 
haps they could g^t some indication of what kind of metal it 
is by .using the hardness and density tests. Some child or 
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Unit 26 



Ua 1 m Dens 1 ty urapht 



If the V/W point for a new matertal Valla on the 

«amc linens, oiie already known: * 

"^It iw.y represent the same material. #5 

likrit may represent a nlxture of other materlaft. 

^It may repreaent another material of the name 
'^dcnslly. 

If the V/W point for a new matertal docs hot ft 11 
on a known i Ine: 

^It may represent a different kind of material. 
•^It may represent a mixture of materiaU. 

1 — ; — : — ' 

If a V/W point Is on the same i>l^pc as that of a 
known material: \ 

^It mean^ the two) materials haveVthe^ iame density, 

^ If a V/W point represents a fcreater \lope than that 
of another: \ 

'l^^^e greater slope represent* the greater density. 

If a V/W point represents a lecher slope than that 
of another: v 

^The lessor slope represents a material of less - 
'^density. 



Remember your V/W points may be wrong because of 
measurlnr plotting mistakes. 



\ 



Activity B 



V 



Have the class gather atouncl a demonstration table. Ask the 
spokesman from e^ich group to report his group's findings in 
a show-and-tell fashion. The spokesman should show where 
the point .that represents the density of an obj.ect fell on the 
grid cin\.<3iscuss the implieations. If another group has u^e'd 
the sanje object, that spokesman should compare and discuss 
his group's results. The chijdrerfc should feel free to chal- 
lenge a -hypothesis" and to offer alternate ones. 

End this activity with a discussion of Worksheet 15, Tell the 
children that they will be able to use their knowledge of vol- 
ume/weight relacipns to play a game in the next activity. They 
will be needing wjorksheet 14, so they should save it. 
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Activity C 

The purpose of this game is to reinforce the learnings that 
have taken place in this section on density. The children 
use the graph on Worksheet 14 to answer questions about 
density. \ 

Ask them to remove Worksheets 14, 16, 17 and 18 from their 
Student Manuals. .Have them cut Worksheets 16,. 17- and 18 
into eight cards each, so that every card has a different ques- 
tion on it. When finished, each child should have a deck of 
24 question cards* Have the children turn the cards over 
and mark each one with their initials. Then provide paper 
clips so that each child can keep his deck together. 

Have the children choose partners. As a demonstration, have 
t'wo pairs of children;^how~the-proGedure-for^the-game-desz: — 
cril^pi below^ ' " » ' 

. Each pair needs only one deck of question card^ for this 
game. (The extra sets should be put away for later use:') 
Each^pair also needs a sheet .of paper on which to keop sc^re 
and a copy of V/orksheet 14. Arrange the desks so that one 
pair of children faces anothet, as shown here. 
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Worksheet 16 
Init 26 




Worksheet 17 

Unit 26 


- 


TtitA oaterUl l<> denser than 
Xia.ss, but It Is not j^Dt^t.it. 
Vfiat dUht'lt be? - . 


For a, volume of 4, *hlch 
suiierlal weUhH the most? 


If the ilope Df Lint A It 
greater thin the tlope of 
Li^ie B, which line would 
represent a denser Mterial, 

A or B? ^ 


A 

Which dtntl ty lin« hat 
ih« ttttp«tt tlop« on 

thU grid? 


lihich materia) ttraphed on 
Worksheet H Is itiost dense? 

. oM 

*^ ' ; 


Fpr any Kl^en volume, *hlch 
mateMal will weigh the 
most? y 


Which dentlty line hat the , 
•mallett slope on Workthett 
14? 


If rock It dtnttr than 
wood, which would hav* 
the stttp^r tlop«? ^ 


'> 

You hrtve i?old that 
v»el«hrt 40 paper 
clips <irv| nltiBlmim 
that welchf* 40 pnper 
cHpfl-. vthlch hH9 
th** t?rt'ater \oluiTxr' 


You have i lump of nickel 
and a lump of « liver, each 
wcl«hlnK 30 paper clips. 
Which materlH hat the 
Rreuter volume? 


Water is lest dente than 
type mettl. Which dentlty 
1 ine it lett tteep? 


You. havt t pltct of gold 
tnd a pltce of tllvtr that^ 
wtlgh th« tAM. Which 
hat th« i;r«attr voIum? 














- 








— You-h«v»-t»a-pl*c«i-of_ , 




\t someone Naiys, Glas* is 
not as dent*c as clay," Is 
that true or false? 


Which Is denser, wood or 
water? 


~Tcm~hn\'e-twa-p 1 ccet -of — — 
material that are the 
,sttne size. One It copper 
^ and one it rubber. Which 
piece welfht^Bore? 


.Mttrlal that have tht 
taM voluM'. One It 
wood and the othar It 
giatt. Irhlch pl*c« wtlght 
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HorVJiheet Id • 
Inlt 26 




•Worksheet 19 

Unit 26 ' i . o 




i . 

Silver l5 denser than xuld 
I A thl^jt true Or false'^ 


Hhlch Is denser, nickel 
' or copper? ^ 






For a voluwj of ), *hlch 
({taterlal vtrigh** the «)•*!? 


For a wei«ht of 10 paper 
clips, which material has 
the tireatest volume? 






If you «et thv ordered 
jwfr (2,701 for rt fmiterlnl. 


If you «et the ordered 
pair t8,60l for a, 
material, the material 
\% denser than steel. 
Is this true or false? 


♦ 




For a vo!ir»e of 13, v»hj» h 
^euh** »T*<>rc *ater or 
vioo<P <v ^ : 


You have a piece of material 
that violahs ffi paper clip>» 

hrtji a Nohime of 4. 
What kliwl of material mUhl 
It be? 




r 
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Then give thes^ instructions: - 

Step 1. Each pair should mix their cards thoroughly. 

^ Step 2. Each deck of cards should be placed face down on ' 
a desk. 

Step 3. Call one pair "A" and the oth^er pair "B", Pair'A 
turns up the top card from their own deck. They read the 
question to themselves and figure, out the answer by refer- 
ring to the graphs on Worksheet 14.^ At the same time, 
Pair B is doing the same thing with its own top card. 

Step 4. Pair A and Pair B exchange the cards they just used, 

.^Step 5. Pair A gives the answer to the question received 
"^'^ :trom Pair B, If right. Pair A scores one point. If wrong, 

vPa IF B" answers and -score~s" the point, -explai ni-ng-wh y Pa i r~A^- - 
• was Incorrect. If Pair B cannot do this. Pair A, has another 
chance to answer the que3tion and score the point. If nei- 
ther pair can ahawer the question, the, card is placed at the 
bottom of the d^^ck, ^ /.^ 

Step 6. Pair B^now gives their answer to the question card 
that they received from Pair A. _ Each pair should put all an- 
swered questions in a separate pile,- 

Step 7. Repeat S,teps 3 through 6^, 

* > <♦ 

ft ' 

When'the game is over, the pair with the most points wins. 
If some questions cannot be ans-wered by either pair, they 
^ should ask for your help. ^ 

Worksheet 19 can be used by the children to make up addi- 
tional questions about density. Some children may'.^njoy 
playing the Density Game on a one-to-one b^sis. 
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SECTION 5 



THE PROPERTY OF COLOR- SEPARATION*' 



PURPOSE 



To have the children find out whether or nQt;certain colored 
liquids have any properties that would aid in distinguish- 
ing one irom another. * 

To have the children use the property-of color separation 
.for identifying their experimental colored liquids » 



COMMENTARY' 



In the previous tea lessons the children have worked exclu- 
sively with solid materials that could \be tested for properties 
o^ hardness and density. In this section, which consists of 
only one lesson, the children will findWt that colored liq- 
uids "also have ax); interesting property Inat can be used for 
identification; They will learn this by aoing experiments 
"vgitlr variou-is" iak s-^ai^feed-eelet^s-a^^d-^sBeij^g-ho th e c olors 
separate;' . . ; ^ . ^ ' . " 



Thl met 



Th^ method.is this: about half an-irich from the end of a 
strip oLblotting paper/ the chirdreii place aydot of ink (or 
of food coloring) . ^ The dotted end the strip is then placed 
m a very, smell amount of vyater.^ The water rises in t^e 
blotter, septjrating the colors,. The children discover that, a 
bl^ckjnk'is made of a mixture of several different colors, 
and that a yellow food coloring may have some brown in it, 
a red food coloring may have had some yellow in it, etc. 

ih6 separations are very pretty 'and the children are fasci- . 



nated by^them., Yoi\ may wish to ask them to bring in felt 
tip pens of colors other than those provided ii).the kit., or 
to test some that you happen to have in the classroom. 

Teaching time for this section should be from one to* two 
class oeriodSi ^ - ^ 

JNOTE:,. What the children do in this lesson is called "paper 
chromgttography. " Ttte pap.^r strip with the separated colors 
is called a "chromatogram'VCliteraily , "color writing'*) . 
Chromatography works^on the principle that molecules of 



different substances travel up the blotting paper at different 
speeds. The greater the attraction betwee^h the blotter ancjl- 
the -molecules the more slowly the molecules rise. If the 
"children ask why the process* works , y.pu might w^ish to tell 
them*.that it (depends ori adsoFption (sticking •property); that 
some colors" or materials are^'more easily retained by the 
surface of the paperiihan others . ^ . / . • 




Les3on II: DISCOVERING A'PROPERTY OF LIQUIDS 

.The purposes of this lesson are (I) to iTrt2:'od.iJt'cenh''e^l"d"'e^a that 
.some solutions have their own special color separation pat-^^ 
terns and (2) to have the children identify c'olored solutions 
by' comparing the patterns of- color separation that each kind 

. makes on a strip of blotting paper* * 

This lesson extends the color separation lessons that the 
children may have studied in Uni^. 15, Investigating Systems . 
Activity A shows the children a method of identifying inks 
through their, color separatibn patterns. It involves placing • 
a spot of ink ori a piece, of white blotler and allowing water 
, ^to travel up .to and beyond the spot. 

In Activity B the children experiment with other inks and 
colorings that they bring from^home or that.you can provide, 
in the classroom^ v 

zVIATERIALS ' ' * ' ^ - ' ^ 

. — for each child ^ 

^^^^^eAcil/ ruler -' ^ *^ • 

- 4 white ^lotTer-^triBS^f or Activity A; 5 or 6 for Activity B 

-7 \ four-ounce plastic contair^eriA?itlx.a^ little -^^^^^ in. the 
bpttom (hot more than one-eighth inch deep)* 

- magnifier ^ ' - : ^ 

- newspaper to protect desk . 

Activity A ^ * 



- . 5 trays _ . . 

r; 5- cartridges of Sheaffer washable-black ink . ^ 
5 cartridges of Parker permanent blue-black ink' 

- 5 cartridges of Parker permanent black ink - 

- 5' blue felt tip pens ' J 



--.Activity 87-' ^. . \ 

- 3' or 4 trays . ^ • • . „ - ' - « 

- 5 red ielt.tip pens * o 

- kit of Scjiilling food colorings , 

* ■ . 

- any ball point, cartridge or felt tip pens other than those 
previously used. (The children may bring these, or you 

. may have some in the classroom.) 

PREI^ARATION • , - , . 

The OMSI kiticbntMns most of the' items listed above. For 
Activity A/ use trays to separate the various materials. For 
example, put all five Sheaffer washable black Ink cartridges 
on one tray, all five Parker blue-black on another tray, etc. 
Make a hole in-each cartridge with a'piH/ .so th,atthe :chil- . 
dren can get ink samples by pressing a blotter strip against 
a cartridge . ' ' " ■ 

On. a fifth tray,, plac.e one four-ounce -plastic container for _ 
each child. Barely cover the bottom of each- container with ; ^ 
water. Be sure the water is .not more than one-eighth inch 
deep. The children will be placihg their ink spots 'about 
one-half inch abov.e the bottom of their blotter strips, and 
the water Will rise to the spots. If the water is too deep, ^ 
spofes will be immersed and som,e. o^he-ink will go into the 
water, ruiningrthe experiment.- o^* ^ ' . , 

The OMSI kit .contains the white Ho|ter strips the children 
ViU be using. Put a supply of t:hese^;lear the containers, 
ATso have available some newspapefs to protect desks and 
demonstration table;. 1 - . ^ 

For VcFivity B,Tul'~3way-^^^^ used in , 

Activity A, and bring out the fiv^ red felt pens and the pack-"*^ 
age. of Schilling food colors. Put the red pens on one" tray 
and the food colors on another. .The children will again needv 
blotter strips and a container with a little water ip it. ^ ' 





Making a dot with food coloring from the kit 

If you have been able :o find pens with inks of any sort that 
have not already been used, make these available to the ^ 
children. Also let them try out inks of other kinds that they 
h^ve bjought to class for that purpose; v 

It would be a good idea for you to do a few of the color sep- 
arations in advance, so that you. will know the technique. 
Fpr ex^ample, practic'e making a small dot (about one-fourth 
inch in diametar) with the food colors so that yau will be » 
able to shovy: the children how to'hold the bottles when they 
wish to make ^a^s'amp^le dot*. « 



PROCEDURE 



Activity A 



Tell the children that they are going to have the* opportunity 
to investigate ^he properties of several inks, but that first* 
they need to prepare several blotter strips. Gather the class 
around tlie demonstration table. TelRhe .children that ecjcii^' 
child will prepare four blotter strips, and that each of his 
strips will have a spot of a different kind of ink. Show them' 
the three different kinds of ink'ca.rtridges and the blue felt 
pen. With a pencil, draw a line ori'e-half inch from one end . 
of each of four blotter strips. Show the class how tc^make 
a spot/Of ink directly above the pencil line. Now make one 
spot on each of your four strips ^ using a different kiod of 
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ink for each strip* To do this with the cartridges, simply 

<» 

press the cartridge with the pin hole against the blotter at 
the place specified. With the felt pen, start to make the 
dot and'then enlarge it' with. a circular motion until it is 
about one^fourth of an inch in diameter. 




Giye each child four blptter strips and have the class, return 
to their desks* Instruct the children to draw a pencH line 
lightly one -ha If inch from one end of each blotter, rlow sep- 
arate^ the class into four groups. Give each group a tr^y that 
GOhtains edl five samples of a g^ven ink, so that each Of the ^ 
four groups hbs a different ink. Each one in^each' group \ , 
should take one of the- five ide'nticaT samples and make a 'dpt 
on one blotter strip. When everyone in the group has made a- , 
clot with this particular ink, the tray ^f samples should be 
placed oh one child* s (desk. When all the groups are finished, 
rotate the ink sets, so that each group now has' a, different 
kind of ink. Again, everyone makes one spot of the new ink 
on one blotter strip. The ink samples are then rotated again 
to another group until all the groups have used each ink ^ 
t^pe. Each child should, end up with four blotter strips, each 
blotter having a spot made from a Vifferent kind of ink. 



Now ask th^ children to hold up the blotter strip that has a 
spot that was made with Sheafier ink. Hold up a Sheaffer 
cartridge to show what you mean. Responses may be quite 
interesting.* Some children will probably hold up a strip 
without even hesitating. . Others may have to think a^bout it 
a while before choosing a strip to hold up. ^ Still others may 
be. unable to make any decision at all. In any case , ask 
those who responded quickly how they can be surq. that the 
spots they held up were-really made with Sheaffer ink.. 
Then ask the other children why they can't make up their 
minds about which spot to hold up. In thd ensuing discus- 
sion,, bring out the following facts about the properties of^ , 
the inks: 

1 . All the inks were absorbed by the blotting paper, 

2. All the ink spots smell arid feel the same. 

3. From a little distance, all the ink spots appear to be. 
about the same color. - * ... 

*. ' , ' 

Some children may say that a couple of the qpots seem to be ^ 
a little more- blue than the others. This raises the possibil- 
ity that maybe the inks are, not exactly the sam'e color — 
maybe different c'ors were, used to make these inks. AsK 
the children: « / 

HOW CAN WE FIND OUT WHETHER OR NOT THESE INKS 
ARE "OF EXACTLY THE SAME COLOR? 

^ ' " ^' ' 

Some will suggest observing the ink spqts very qlosely. 
Have the children examine each of the ^^pots vyith a magni- 
fier. They will probably be able to separate the. two bluer 
spots from the black spots, but it is rather difficult. to, 
distinguisli between the-^two Slues and between the two . 
• blacks. ' * - : 

- CAN' ANYONE THINK OF A TEST WE. MIGHT MAKE ON THESE 
. INKS THAT WOULD HELP US TO TELL ONE KIND OF INK 
FROiM ANOTHER?' - . , ' ■ 



CAN ANYONE JHINK OF A TEST THAT WOULD TELL US 
WHETHER EACH .INK IS A PURE COLOR OR A MIXTURE OF 
COLORS? ■ - ■ . 



If no- child suggests the chromatography test that was usee/ 
in Unit 151n response to either question, show the class/a 
four- ounce container that; has a little water in it. Ask in 
^ anyone remembers how this w^s used with blotter strips/ 
before^* T[f no child remembers, refresh their memories with 
the following demonstration: ' ^ . , < 

With a pencil, draw a light line one-half inch from one end 
of a blotter strip. Using green coloring, maksv^ dot on the 
^bl otter strip just above the pencil line. Place -this dotted 
end into the small amount of wat^r you have put into four- ^ 
ounce container. - • • . 

'Have the children observe and discuss what happens to the 
spot of color as the' water rises in the blotter, When^the 
water has risen about three-fourths of the way up the blotter 
(or about ^oner inch from the top)^ remove the blotter and place 

\lt on newspaper to dry. v^^^ejchildren will see that, the 'green 
color separates into a colWinn of blue-green with a yellow 
band near the top of the column. ^ - 



Ask: 



HOW CAN WE USE THIS TEST TO HELP US DISTINGUISH 
OUR INK SPOTS FROM ONE ANOTHER? (Maybe the ink 
spots will separate into the^coIors that were used to 
nia^ke ea^h particular ink. * If different colors were used 
to make various inks, then perhaps their coior separations 
may not be t;J).e same..). 



Have each child "S^me and get a' piece of newspaper to pro- 
tect his desk and a container with a little water in it*. , Ask- 
each child to take the strip which he thinks haS the Sh'eaf- 
fer ink on it and test it the way^you just did the green spot. 
Go about the ro9m checking td'see that the children are iriot 
:pushing ^fhe d^Qts under the water, etc. Ask' them t-o-'takl the 
strips out of the water when the water has risen to with:. n 
about one i|lch-^oi£^the top^of the blotter. ' ' 

Results should vary, because not every chil'd^will have 
tested the correctjdot. Have the children compare^their, 
color separations.. Point out that alL the separations ate not 
alike.^ Suggest th^t- maybe some children did not^chooseth^ 
ShQaffer dot. Ask: 0 ' ^ 

HOW CAN^ WE FIND WHICH COLOR SEPARATION 
CORR^ESFONPS TO THE SHEAFFE^ INK?'^ (Test the 
Shea^fer.) * ^ ^ 

V ^ 

\ 

As a demonstration -prepare, three blotter strips with Sheaf- 
fer ink dpts." Emphasize the fact that you are using the same 
ink and are even taking it from the same 'cartridge^ Mark 
each blotter with the name of the ink. Ask the childrein vytiy 
yoM are using three dots instead of just one. (So that yoa 
can cdmpare all three/ if they all separate in the same way/ 
you can deduce that thi§ is the identifyiifig pattern for 
ShQaffer's washable black ink.) 

Place the1:hree Sheaffer-dqtted Btrjps In a container with a ^ 
little water. Spac^ them around the container so that they 
are not touching or overlapping* Have the children observe 
what happens to the ink on each strip as the water rises in 
the blotter. Remove the strips when the vater has^isfen^ 
about three-fourths of the w^y to the top. Place them on' the 



table.. Ask each child to bring the'strip'he thought was 
a Sheaffer ink dot (a'nd, which he has separated) and 
compare it with your three samples. If the c^ild has 
the same seiparation as yours, he should mark his -strip, 
'^Sheaffer black ink.** . - / ' 

^' ^ ' . / ■ ^ ^ . 
Now discuss how the children might find out which kind 
of ink they tested^ iLit did not separate in the same way 
as your Sheaffer samples. (The children should suggest 
that you^ make some more samples. Perhaps then. they 
can find out by .comparing their reparations with yours.) 

Teil the. children that you are going to do exactly that. 
Say that while they are doing th4 color separations on 
the three blotteJr strips they haye not yet testedv you-, 
will be'd'olhg. the fgllowing^: * " 

1 . On^three blotter strips, you will put dots of ink from 
^ Parker*s permanent blu e-uiack, cartridge*, ^^mp has i^e 

fhat'y6u will take all three" samples from the.sanfe 
cartridge and so should expect ^to get the .same kind 
of color separation ^on each .strip. Then you are ^ 
going to'ptece all three of these strips in the same 
container with a little water and get the separations. 

2. You will use three more strips to test Parker* s perma- 
• nent black ink and place these 'in another cbntaiuer 

with a little water. 

\* * • ■ ' ^ 

3. In, a third conta'^^, you will test three other strips, 
each marked with a dot from' the blue felt* pen. 

' Before you and the children start making the separation'- 
'show t}>em how they can place all three of their blotter 
strips/in the same container to get the separations. * 
.-Each 'blotter should be plaged a little distance away;/ 
from the 6thers; Remind 4:he children not to s^ut)merge ^ 
the ink spots, but to let the water rise to the spots.. 
Ask' them 'to rerh6ve the blotter strips from the container 
when the water is within one inch of the top (or ^bout ' 



three-^quarters of the way up). If a child has submerged 
-his^dots, have him rinse out his/container, make new dots 
and start over with four new bli^/tter strips and all f6ur inks. 

When all the children have completed this experiment, have 
them discuss\and compare their results. - By -comparing their 
results with the ones you have marked on the demonstration"' 
table, the children will discover thai? all the spots from a 
given ink y/ill have separated into similar colors §nd pat- 
terns. They should now be able to' identify- each of the four 
jnks they tested. 

If the children naven't already done so*, suggest -that 'they / 
bring in ball point pens and pther kinds^.of pens with ink in 
them for testing in the next activity. 

Activity B ' ' " - * ■ ^ ' ' 

This activity gives the children the opportunity to test sev- 
eral other inks and colored solutions, (r^d felt. pens and food 
colorings), and any others they may have brought from home 
or^ that, are available. in the classropm. 

On a demonstration table, piaee the materials to be used — 
. the pens, food colorings, four-ounce containers with about 
one-eighth inch of water, blotter strips, and newspapers-. 

Give -each. child five or six blotter strips-. Say that they can 
try any experiments, with the colored liquids that they wish. 
Start them thinking about their experiments by asking these 
questions: ^ \ . ^ 

' 1^, Will two different brands of ink or of food .coloring that 
.are the sBme color separate into the same colors and 
• color patterns ? - 

^(s^ 2. Will the red food^'coloring and-thered felt pen ink sep-^- 
• arate' in the.same way? • ^ 

3. Will any pf the inks or colored solutions fail to separate? 
That is,,, will the ink, spread but remain just one color? 



4, Will any of the inks or other colored -solutions.remain in 
place when the water rises beyond them? 

5, What will happen 'ira colored design is jjdrawn.on the blot 
ter? - ^. ^ 

6, What would happen if two or more inks were put on the 
same spot? ~^\^ 

V 7. What would happen if a. very smal^ dot Of ink were used? 
A very large dpt?^ 

When the children have tested several colored solutions, 
discus^s^thei!^e>STrite-=^ — T he chi l dfeB-s4^eu-ld-realize that . 
chromatography {color separation) is a useful' test* for help- 
'"•^ ing to identify cojlored solutions. ^Iha similar way, the 
properties of hardness and density^were useful in helping 
to identify. miriera Is, metals and other materials,. 

If blotting ^strips are left in the water long enough, all of 
the colors will eventuatlynrise to the top of the blotter. 
This^ spoils the separation pattern, but you might like to 
have the children try it. 

You might also like the children to discuss their thoughts 
about why some inks. from ball point pens separated little, 
if any, and also why the black pencil line did not separate 
Accept any reasonable answers as suitable^at tiiislevel. 
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PROPERTY OF SHAPE 
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THE PROPERTY OF SHAPE 

PURPOSE ■ . . ■ ■ ' • . 

a. - Jo have the children learn that^the property of shape 

helps to identify some materials. 

- * - • 

• - To have them discover that some minerals have identi- 

• - ^ fiable geometric; shapes. . 

- To-have tl^e children investigate some of these shapes 
carrfully by building models, counting the number ,of ^ 
sides and measuring the face angles. 

" x: ^ ■ ^ * 

COMMENTARY . ' ^ ^ - 

In Lesson 't2 the children examine eight different white sub.- 
> stances with magnifiers and discover that the particles of 
^ ^ which some substances are njade are so fine that they can 

-^discern no particular shape. The children also look at metal 
'and, mineral saR^ples for the property of shape. The particles 
(crystals) of which metals pre made cannot be seen with hand 
magnifiers, but the children are able to see the shapes of 
larger crystals in quartz and corundum samples. 

. ' . A story, "Super-Sleuth and Studious ^Jones , " provides moti- 

vation for the work with crystal shapes that the children do 
I in Lessons 13, 14 and 15. The work consists of examining 

J the shapes of quartz, corundum 'and calcite and of model 

\ building as well as angle measurement. The children use 

_ transparent protractors irom the spe\::ial printed MINNEMAST 

(materials to measure angles. 

Iniesson 16 the children see how cleavage affects the prop- 
erty of shape. After working with the real mineral, they build 
J ^ ^ a' model of calcite*, and use their protractors to discover 

1{ soxne interesting facts about the angles of this particular 

shape. By the end of this lesson the children will understand 
how the property of shape can provide one more clue to the ^ 
identification of a material. ^ - 

Teaching tim'e for this section should be about five class 
peridds. 12**^ 

16 ' . . 



Lesson 12: IS THE;PROPERTY OF SHAPE USEP.UL? o 

The purposes of this lesson are (1) to have the children learn 
^ " ' that the property t)f shape characterizes. some materials, and 

(2) -to have.-them discover that this property may.be used/ to- 
gether with other properties, in identifying certain materials.- 

The children attempt to identify several materials by the prop - 
' erty of shape. In Activity A they compare what they see ^ 

through their magnifiers with magnified photographs of the 
same white substances.. Some of the white 'substances 'have , 
\ ""small components or ''grains" with a characteristic shape 

\ that suggests they might be identified by this property. Other 

white substances that the' children examine do not have small 
component particles^ of any specific shape. 
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In Activity B the children observe the metal and mineral sam- 
ples used in previous lessons in an attempt to identify these 
by the property. of shape. Many of the materials do not have 
a characteristic sh^pe, but a few of the mineral samples seem 
to. The children-are then challenged to, figure out in what 
Way jthe shape of quartz and corundum crystals are alike. 
-This leads to further studies of crystal shapes in" the next 
lesson. s . 

MATERIALS' * ' , ■ , , .,.^.^i.-^<^'^'^ ^ 



^ — f or .tixe^cMt s — . 



«m,^^.4^.xN..,^^»vv^^^-^^'-^f*^^ in 4-ounce plastic c?)ntainers, samples of each of the ^ 

' * following: -* " 

, - A, Epsom salt * ^ • ^ 

- B, starch 

' • - C, powderedrchalk 

- Dt plaster ^ • 

- E, baking soda 

- F, detergent ^ ' - 



(all of the above are in the OMSI kit) 
- Gi suqar 
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- H, salt J . ^ ^ . 

8 plastic spoons {in kit) - . ^ -'^ 

- 30 magnifiers /^^"^ 

- metal samples from kit ' - 
I— mineral samples 'from kit 

^- for each child — ' - 

■■ - Worksheets 20-, 52-kand 22 ' , , 

PREPARATION " ' ' ' 

Before class starts, place on a large cafeteria tray the eight 
white substances in their containers. Label each container 
with a letter- as indicated in the Materials List. Put a plastic 
,spdon in each container. ^ 



PROCEDURE ^ 
Activi't^'ta^ 



Uorkshiet 20 
Unit 26 



Name , 




Ask. the children to remove 
Worksheet 20 from their Stu- 
dent Manuals i Tell them you 
have eight white substances 
that you would like them to 
try to identify. List .the 
names of the white substances 
on the chalkboard, but not in 
order and -not lettered. For 
CiKample, you might want to 
list them in this way: • 



Tell the children that each of them will get a sample of each 
substance. A small sprinkling of substance A will -be .placed 
on region A of the worksheet, etc. When each child has a 
sample of each subsjance, you, will -want the children^o try 
to tell you ~ by observation — -^vyhich is plaster, which is 
starch-v and so on. 

Select eight children to .distribute the white substances. 
Assign one- child to distribute each^substance. The child 
with container A, for example, should. use the spoon to' 
sprinkle a small sample over region A of every child's Work- 
sheet 20. . « . 

When all the children have samples of the eight substances, 
ask them which is sugar, which is salt, which plaster, ^etc. 
The children should realize quickly that it is quite difficult 
to identify these white substances. Ask them to describe s 
the properties of -the substances. Be sure thes^ descriptions 
include such properties as colors shape and texture. List 
.IhB c]>ildren^^ suggestions on the chalkboard. The list might 
look something like thisi ^ 

white ^ * • ' ' . 

lumpy . - . . ^ 

grainy ■ - ^ 

powdery 

tube-shaped 

glassy 

Now dsk which properties of the substances seem to be the 
same and which seem to be different. The children should 
agree that all^the substanfces are white, but that their ^tex- 
tures or shapes appear to be different* Elicit from the^chil- 
dren the idea that maybe the property of shape could be • 

used to help identify their white a,ubstances. ' ^ , 

c 

Have the children remqve Worksheets 21 and 22 from' their 
Student Manuals. 
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Discuss the eight photographs on these,worksheets withihe • 
children.- Ask^'.how the -photographs are different^from what 
the children see when they look at their samples. Tell the 
class th^t^the photo^aphs were taken jDy a camera ihat en- 
larges (scales up) things by a factor of ten,, This means .that 
•each photograph shows sugar, salt, etc., ten times larger 
than it really is. Ask what the children icould do to see the 
substances better and so observe the ghapes of. the particles 
better. (They sijould suggest using, magnifiers or microscopes .) 

Give each child a magnifying glass, ^ Ask them to use the 
-smallest of the three lenses, this lens magnifies the parti- 
cles by a factor of fiv^e. Show the children how to'use the 
"^^and lens correctly. The lens shcJuld be close to the eye 
and to tjhe object being studied — not more than three to four^ 
inches from either. ^ * 




The chilcJFen should try to identify tHeir white substances by 
^ comparing What they see through their magnifying glasses 
with the photographs on the worksheets. They^probably will 
be able to. identify the Epsom salt, detergent, salt and 
sugar. (The salt and sugar are both cubic in shape; but the 
sait is much more uniform and less broken.) The plaster, 
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chalk, starch and soda are quitfe similar in appearance and it 
is .hard to distinguish one from another. Emphasize the idea 
- that sometimes the property of- shape is helpful in identifying 
a material, and sometimes it^lisTlot. 

- . ** * ' > , 

Activity B " /? : 

..Have^a few metal objects on hand. Then ask the children: 

, IS THE PROPERTY OF SHAPE USEFUL IN IDENTIFYING THE 
r METAL 'SAMPLES? . / 

Let the children quickly examine some of the metal pieces. . H 
Obviously, shape is not useful in this case. Discuss other 
materials where shap.e does not help in identification .^Kor 
. example, wood may be in the sl-i^ape of a chair or a pencil, ^ 
plastic may be almost any shape, and so'itiay gla,ss. 

Bring out the mineral samples that the children used in the 
hardneS'S tests. Ask: • ^ ^ 

WOy.LD lilJE PROPERTY OF SHAPE BE USEFUL TO US IN 
IDENTIEy(nG the "mineral* SAMPLES ? 

So^t. into piles^all the samples of fluorite, calcite, apatite, 
quartz and ^oriindum. Divide the class into five grqups^ and* 
give^each^^rbup all, the samples of $ partJcula;: mlnerah 

Ask each^grqup. to examine its set of a particular kind of 
mineral* Agk the children to try to determine whether^or not 
the property of shape would help them identify, their^mineral. 
See if they can , find a characteristic she^{)e for the mine'^al. 

Tell the children that Some of the minerals in the sample set 
arQ not being used in this activity because they had been cut 
or sawed ofiand therefore have an arbitrary shape. If they 
found a natural sample of one of these minerals it wouldn't 
have the same shape and they wouldn't be able to identify it. 

Have each group" choose a spokesman to report to the entire 
class on their observations. Use' the following information 
as your guicle tp the discussion. . » v ' 

I . Flouriter (#4) appears to have an trr^egular shape, Itw^as 
probably broken off' from a .larger piece. 

' * • ' ' * * * 
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2. Calcite (#3) appears to have a definite shape. Its faces 
are parallelograms. * - 

3. Apatite (#5) seems to have definite, faces , although the * 
_ pieces ^re rathet difficult to examirte. 

4. Quartz (#7) samples all appear to. have a similar shape^. 

5. Corundum (#9) samples all seem to have a similar shape. 

Tell the children that the quartz and the corundum have 
shapes that' are considered to be alike in some way. Le.ave 
the specimens of these two minerlils out ori 'tfie demonstra- 
tion table for the next lesson.- • • , -( . 



Lesson: 13: EXAMINING THE SHAPE OF QUARTZ CRYSTALS. 

J-^:^ — '■ ' ' , ' ' ' ■ [ . J 

In the last lesson the children observed" a number of materi'^ls^ 
and discovered that the property of shape is useful" j,n identi-^ 
fying some of them. In this lesson they will concentrate gx\^ 
crystal, shapes. They will look at quartz crystals and try to 
describe the shape. Then they will make a model of an ide- 
^jiized quartz, crystal (with both ends sawed off) for study in 
the riext lesson, f story gives som'e elementary information^' 
about Crystals and provides motivatiori for the children's ob- 
servations , discussions arid model building. ... ■ 

MATERIAi5 \ ■ , . .-.^ 

• * ^ . » " . . 

* ' - 8 quartz crysta^ls " ' 

» * 
.-. story, "SuperpSleuth and Studious Jones-" (provided in this 
• lesson "and also i.n the Student Manuals) • 
' % ^ , ■ [ < A. ■ 

- -W'orksheet^aS (qilartz crystal model printed on heavy paper) 

scissors. . " '. ■ , . , 

■ ■ ■■ • ■■ 

- cellophane tape 



PROCEDURE. , r / 

Haye the eight quartz samples handyman a.demonstratlon ta- 
ble in a clear area of the room\ .,Ask the children to bring 
their Student Manuals and come to th^area. Have them sit 
down and, open their manuals to the story, "Super^leuth and 
'studious Jones/' BSgin reading the story to the children and 
ask. them to follow along in their own- books' as you read. 
Stop at each place in^the story where ^Super-Sleuth^ isyasked ^ 
jp^make a discovery,^ and have the "children make thfeir own 
discoveries flrst^ Then pick-up the story • Conclude the les- 
son with the making of the quartz crystal models for use li| 
the ne2<t lesson. * , ' ^ 




mSJM^ m^B, Too? 
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* ■ ■ SUPJIR -SLEUTH AND STUDIOUS JONES • . » 

s Super-Sleuth, thought he was a great detective^ He went a- 
round wearing a very strange liat and looking at things through a 
'magnifying glass. The children in his neighborhood knew that Super- 
Sleuth was not very bright? but they all liked him because he was 



interested in so mariy things. They a;Jso Jiked the talking, birds that 
^ito^ed .hiiji everi^where, qnd were so saucy and chqerfui. 

On this particular day Supfer-Sleuth and his birds Vere inspect- 
ing a, tree; 'He was^saying to them, "My, my, my, it is certainly 
■-haidJLQ^tell what m'ati^rial this tree is made of by looking at it. Even 
my magnifying ^lass doesn^t seem^to^help.i " — 

Super-Sleuth thought' he might have Better luck if he looked at 
some other kinds of materials. He got down on his knees and looked' 

» * • ^ - * 

at'Some sand. * "My goodness, " he exclaimed, "this sand is Aade 
up of Uttte^l^Tings that are v^ry hard to see! " 

^ 1 3 
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Just then a girl who was in the sixth grade came along. Her 
name was Studious Jones and she was on her way hcime from school. 
"Those; little things you are looking at, Super-S.leuth, seem to be 
sand in crystal form. , Quartz is often found in crystal form, tod.*' 

"H'mm, where else do we find crystals?" Super-Sleuth asked. 

"You can find-them in a penny," Studious replied. 

"A penny! Why, you must be fooling/* Super-Sleuth said. 
Then he took a penny from his pocket and looked at it throuch his ^ 
magnifying glass. His birds flew up and perched on his hat and 
shoulders so that they could look, too. "I can't see any crystals 
in this penny, " Super-Sleuth said. "Here, Studious, take a look. " 




"I don't have. to look, " Studious Jones replied. "I already 
know that copper crystals are too small to be seen through a mag- 
nifier, -* ' - ^ 

"How do you know that copper material is made up of crystals 
at all, Studious? " Super-Sleuth asked. 

"Well, its'a^pretty well-known fact that some fluids take a 
definite shape or pattern when they become solid. These kinds of 
materials are called crystals. When melted copper fluid cools off, 
it forms absolutely beautiful crystals! But you need a. powerful 
' microscope to se^ them. " 

Super-Sleuth continued to look at the penny. He found it 
very hard, to believe that Studious Jones^was telling him the truth. 

Studious decided that Super-Sleuth needed a simpler example. 
She said, "Do you think snowflakes are crystals, Super-Sleuth? " 

"Um, yes . . . yes, indeed." 

"Well then, what happens that makes snowflakes? 

"How should I know? " Super-Sleuth asked. 

Studious thought a grown njan ought to know what made snow- 
flakes, but she decided to be patient. "When it's cold, Super- 
Sleuth, the tiny drops 9^ water in the clouds freeze. The water 
chango-s from a liquid to a solid — and, presto, you have snow- 
flakes! " 

"Well, all right, \ believe. yoU about the snowflakes," Super- 
sleuth said, "but you ough't to tell me mor0 about how fluids turn 
into crystals . " 
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Studious puckered up her.face. She was thinking. Then^she 
took some paper and. a pencil from her book bag and started drawing. 
"The best way to teach you about crystals is to show you some of^ 
the different shapes they take. " This is what Studious drew for 
SuperrSleuth. 





TA^U SALT \ Ev/NPOI^ATBS ^ ^^"^ 
ANDWATER /• • — — ^ 

^ a©® 




FKEE2ES 




5N0W FLAKE. • 
G-P.YSTAL- 



WATER. 



SALT CKVSTALS ' 



yVATER 



eooLs 



COO/-S 




EP50M S/?.LT 
. CRYSTALS 



CORUNDUM 
.' CRYSTALS 



Super-Sleuth looked puzzled. Studious said, ''Look at the 
crystal shapes/ Look at the table salt, the Epsom salt, the quartz^ 
and the corundum. What do you notice abotit'^the different kinds of ^ 
* crystads, feuper-Sleuth? - / -.^ 

"Urn / \ v.um . \ ; I don't know,'' Super-Sleuth mumbled* 
^Then he paihted to the^fable salt and. Epsom salt crystals. "l ean 
tell you one thing, though — I bet these two both taste salty. " 
Super-Sleuth puffed up his chest. He thought he had made a won- 
derful discovery. . • / 

But Studious Jones. was annoyeql. "Scientists do not go a- 
found tasting things," she said. "You could g^t sick by doing that. 
Besides we are talking about the shapes of the crystals, riot any- 
thing else... Now, wKat do you notice about the shape of the salt 
crystals?" ^ ■ 



Super-Sleuth looked at the pictures again. After hemming 

and hawing, Super-Sleuth finally said, "Well the salt crystals seem 

to be shaped like little boxes/* 

- * ^ ' ' 

•'They are cubes . . . ^hey have a cubic shape," Studio^s 

said* ^ , ' . . ' 

"Well, -that's what I meant, " 'Super -Sleuth said. 

"Great, " Studious saiid. She felt better now about Super- 
Sleuth. Maybe she could teach hfm something about crystal shapes, 
after all. , She decided to keep trying. 
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She reached into her b^k bag and brought- out some small - 
objects. "A while ago I talked about^quartz crystals to you, Supe^ 
Sleuth. Maybe it would help you to learn about crystals if you * 
looked at some real ones. I borrowed these quartz crystals from 
the third grade^eacher to help with my study of crystal shapes/' • 
she explained . 

"The third grade! " Super-Sleuth exclaimed. ''Do you mean 
to tell me the children in the third grade are studying crystals? " 

"They are now, " Studious Jones replied, "^ut they weren't 
when I was in that grade. ^' • 

"Oh, these modem times! " was all Super-Sleuth could man- 
age to say. His eyes got a faraway look as he thought how marve.l 
ous it was that children in the third grade were studying crystal 
shapes . / - ' 



Studious Jtpnes had to cough to get his attention back to lihe 
quartz crystals. 't'Please, Super-Sleuth/'*'?he^saici, "look at these 



quartz crystal's 



and tell me what is^like about all of them. " 



Poor Sup^r^Sleuth. He looked at each crystal — bqth-with 
and without his magnifying glass. He turned and turned each piece 
Then he tripd comparing. two pieces at a time-, ^ter all this, he 
said, "The quartz crystals sort of look and feel like clear glass." 

"Those observations are all right for a beginning,. JSuper— , 
Sleuth., but I think you 'should be able to .discover something iriter^ 
esting about the shape of the quartz crystals. Why don't you touch 
them again, and turn them, and try to find out if the surfaces are 
rounded or flat, or jagged and pointed? " . . 
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VAll Tight/ all right, " Super-Sleuth said,^ and he began e^a- ' 
mining the cry.stals, .niore carefully,. *He was anxious to discover 
whatev^r^secret it was that Studious Jones knevy about these crys- 
tals that he didn't know. " , • " 

"Yippee!" SbperrSleutli^ ghouted in joy. "Studious; what do ^ 
you think I have discovered? " <. 

".I-don'.t'4cnow. What?" 

"V/hy, there are some flat surfaces on every one of these 
quartz crystals. Isn't that fantastic? " All the birds fluttered about, 
repeating, "FantasticI Fantastic! Fantastic!" ^ 

Studious smiled. Then "she asked, "Are all of the surfaces 
flat, Super-Sieuth? " * , ' . ^ 




^ "Well, no, Studious. This" crystal right here, £9? exSmple, 
is jagged and. rough on one-end. 'But the othe^ end has some flat 
surfaces that seem to come to a point. Why is one end rough and 
the ..other end pointed? " " • , ■ . 

■"Yes-,'^hy? Why? Why?." the birds all asked, too. 

Studious took a book from her^ag and 'found a- picture of a 
cluster of quartz crystals. She showed it to Super-Sleuth. 



Super-S'lWth looked at the picture. "Oh, my goodness, 
Studious! What\a jumble ! Are thqse all quartz crystals'? What 
in the world is wmng. with them?'*' ' 

. "Yes, what' s\ wrong with them? What's wrong with them? " 
The parrot tipped his head saucily and looked straight at Studious. 

. A ■ . ' ■ ■ ■ " 

^ Studious laughed. "There^s n^hij^i^^rong v>ith them* That's 
just the way.ciuartz crystals are fonhed in clusters . Some peo- 
ple say that*s the way tney "grow*, ' obtNthey don't mean exactly the 
same kind of growing tha\ plants do. Now, Super-Sleuth, when you 
look at this cluster of quartz crystals , dc^es it te,ll you why each 
crystal has only one pointed end? I' 

"Let me guess! Let me guess! " Super-Sleut'Kfpleaded. 
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^HY donY You LooKvat the picture of the 

CLllSTE'R. OF QUARTZ CRYSTALS A6AIN AND TRY 
ro' FIND' OUT WHY EACH CRYSTAL HAS. 
• ONilY^OME POINTED ^EMD?* 
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I've got it! I've got it! " Super-Sleuth shouted suddenl^. 



And all the birds joined in the chorus, 
"What? " Studious asked. 
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"Why, these quartz crystals we have beea looking at ~- the 
real ones — are jii^t part of a bunch like those in the picture,. 
Somebody must have J^roken each one from the bunch, and that is 
why each crystal has only one pointed end, " 

"You*re practically a genius, Super-Sleuth/' Studious said, 
and the birds all repeated happily, '*A genius ! A genius !" 

Super-Sleuth blushed, "Oh, I wouldn't go so far as to say 
that yel, he said, "because I^hink there is more that I should 
find out about this crystal business, . 
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"Because theyhave broken ends., and because some dont 
even have a point, these quartz samples are not very easy to ob- 
serve. It's very hard to tell just what shape they -are. " Suiter- \^-. 
Sleith picked up a" quartz crystal and stared at one- end of it. Then^ 

Stared at^the^ther end of it. Then he heavfed a big sigh. The 
lirds all sighed, too, and looked toward StudiousT^s though ex- 
P9<pting tielp. 

/'Perhaps if I gave you a cardboard mode^ of a qu^rtz^ crystal, 
w\th^the ends^t off, it would help, " Studious said. She gave him 
^del she had made for herself. 
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WHY DON'T YOU AAAKE A' 
MODEL? 

ALL YOU HAVE TODO ISTEAR 

WORKSHEET/25 FROhA 
VOOR STUDENT MANUAL 

CAEEFULLY. 

then cut around the heavy 
black llne^ and fold ©n the 
Dotted lines, tape the. 
open side thh'n 
- tape ehch end. now vou 

HAVE A hAC>DEL OF A QUftRTZi, 
CRYSTAL. WITH THE ENDS 
CUT OFF. 
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Lesson 14: EXAMINING THE SHAPE OF CORUNDUM CRYSTALS 

*In this lesson the children learn that there. are six basic crys- 
^tal shapes. They will recognize that table "salt crystals are 
of a cubic shape .and that quartz crystals are of a hexagonal ^ 
shape. / " " 4 

. " " " ^ \ 

Next the children will observe that corundum crystals are also- 
of'a:'hexagonal shape. You can demonstrate the hexagonal 
shape of botti* quartz" a n'd corundum crystals by placing them 
upright on an overhead projector and having the children count 
the sides. 

A continuation of the story started in Lesson 13 provides the j 
teaching device for the lesson.' As before,' each tira^i a ques^- 
tion is raised, stop reading" the stor> and give the children an 
opportunity to make their own observations and discoveries 
before Super-Sleuth makes his. 

MATERIALS 

— Part 2 of Super-Sleuth story (provided in this lesson ai]/d in 
the Student Manuals) 

— 8 quartz and 8 corundum crystals 

— cardboard models of basic hexagonal shape from previous 
lesson ' / 

I 

- — overhead projector ' 

— paper, pencil " . " ; . 

e 

PROCEDURE 

* Have the eight quartz and the eight corundum crystal samples 
handy on a demonslration table in a clear area of the room. If 
. possible, have an overhead projector ready for use also. Ask 
the children to- bring their hexagonal cardboard, models, a pen- 
cil, and their Student Manuals to the clear area. Have them 
sit down and ask them to turn to part two of the Super-Sleuth 
story. Start reading the story as the children follow along in 
their own books . Stop whenever a question i$ posed in the 
story and have the children try to answer it. 
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SUPER-SLEUTH AND STUDIOUS JONES 
Part 1 ' 

Super-Sleuth started to study the cardboard model of the quartz 
crystal. . Studious asked him to hold it up and look at one end of it. 
"What shape do you see?" she asked. 




WHY" don't You look at yoor MoDfeit 

-HeWD-lX -UB AND LOOK AT ONE "END OF. IT. 

TELL Your teacher na/hat shape you. 

SEE. 




Super- SLEUTH yvont know th.e 

NAME FOR THE SHAPH HE SEES, BUT 
You MAY KNONA/, if you .REMEMBER 

WHAT* you sTt^DiED IN MlNNE/Viy^ST 
Unit 21., ANGLES AND SPACE , 





1\ 
























IF YOU ARE TROUBLE, ' 

Count the i^msER of ldM6 flat surfaces 

GOIN6 AROUND T^E CRYSTAL SHAPE. 
VOU MAY ^^AV^ TO mRK THE MCB ' 
WHERE you START, OR KEEP ONE ^ 

Vfing-eron if. 



h6\aj many ldHg flat 

I SURFACES Dip you COUNT? 
j.WRlTe THF "(Vl/Wl&ER"^ 

i4 




HAT do" YOUCALUA PIGURE W'lTH THAT 
MUI^ABER. OF SIDE-5.T 



IF VOV DON'T RFMEfV\BEP. , DON'T WRRV. 

Studious yviu-HAVs tp teu-^super.— 

SLEUTH THE NKKAB^Too. 





when Super-Sleuth finished looking at the model of the quartz 
crystal, he said, "This model has a lot of long, flat surfaces, doesn't 
it?" ' - 

"How many?" Studious asked. 

"Well, I will have to count," Super-Sleuth said. He counted 

around the long flat surfaces and said, "This model of a-quartz crys- 

^ . ■ • 

tal has six long flat surfaces."' 

"Correct," Studious said. "A shape that has six flat surfaces 

i 

arranged likejthis has a special name. Do you know what it is? It 
is called a hexagonal shape. "' • . 

\ 
t 
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"Now I have diiscouered two different crystal shapes ~- the 
cubic and the hVxagonarl, Are there any more kinds of crystal shapes 
Stladious? " Super-Sleuth -asked. '^v' ' ' ^ — 

Studious reached in her bag and brought out another 'book/ ^ 



*^-Years ag,b,*' she said, "scientists divided the set of all crystal 
shapes into subsets of shapes -that they call the ' six basic cryst al 
shapes /" Studious opened t-he book. "Look here, Super-Sleuth, " 
"She saidi^- 

SUp'errSleuth looked at the page. It showed the six basic 
crystal shapes, and their_names , like this: ' . 



/ 




Laok AT THE CUBIC SHAPE". WHAT 
CRYSTAL DIP YOU EVER SEE THAT 
LOOH^ED LIKE THAT? WRITE THE 
ANSNAifeR HERE, 



I 



Super-Sleuth studied the six basic shapes. He pointed to the 
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cubic shape 
salt." Then 
is the shape 



and said, "Hey, Studious, that is the shape of table 
he pointed to. the hexagonal shape and said, "And this 
of a quartz crystal. " . . 



Studious was very pleased. "Why don*'t you come home with 

me, Super-Sleuth, so we can learn some more about crystal shapes'? 

I - ' • ' 1 ^ 

My mother will give us cookies and milk, and We can sit at pe ta- _ 

ble and enjoy ourselves. 

. - ^ . / ' 

"'That^s ajin.e idea, " Super-Sleuth said, an(^ that is just what 
they did. While. they were sitting at the table/ Studious asked" ^ 
to place one end of bis hexagonal quartz model on a 



^uper-Sleuth 
, piece of pape 



r and draw a liae ground it. She asked him to look at 
x what h^ had drawn and to count the sides. Then she asked him to 
/ pick up a quartz crystal and hold one end of it up in front of his 
eyes , and see if the shape on the paper and the shape of the crys- 
tal looked similar. 




GET A PENCIL AND A PIECE OF PAPER 
ANP DRAW AROOND ONE END 
youR QUARTZ. CRYSTAL MOD^L. 
HOW MAMV SIDES tX)E5 VOOR^ 
DRAWING- HAV£?<;QONTTHg^U 




\ 




HOLD UP VOUR MODHt AND 
J^OeK ' AT ONE EHD OF irrDOES; ' 
rue SHAPE LOOK Uk:BW^+AT 
You HAVE mmi ON yaOR PAPER ? 
Answer, yasoRMo 



Super-Sleuth did as he was told, but Studica^us, could see that , 
he was getting bored. He was much mqre interested in stuffing him- 
self with cookies than in stuffing bjmself with information about crys- 
tal shapes/ 'But Studious had a surprise for him. She brought out 
some corundum crystals . _ ' ' ' 

"Stars above! What are those? Super-Slefith exclaimed; 

" Corundum "crys tals Sluc^ious replied- "I want you to study 
th6m closely. See If you can discover in what way they might be 
dike the quartz crystals. " - * ■ 
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Look ATTHE-COROND.UM CRYSTALS. 
HELP- THE CLASS Discuss " " 
TH'HSE CRYSTALS ARS U 
THE QUARTZ. .CRYSTALS, m 

HONM T-HEy m different: 




I 



Super-Sleuth said, "I can see plenty of ways in which these 
crystals are different from the quartz, but I can't see any way in • 
which they are like the quartz. " . * 

"Observe" theni closely, " Studious said, "and. perhaps you 
will find a resemblance. After-all, we don't call you Super-Sleuth 
for nothing. " ' , ^ , 

"Of course not, " Super-Sleuth said. ^'If there is anything 
similar about fhes^ co-run-duni crystals and the quartz crystals, 
I'll De the first person in the world to find out. " 

• • '\ ■ • ■ \ 



5UPER/SL&iJTH SHOULD Hold 
UP AA:oRUNJ>UhA SArv\PLB 
LOOK Ar THE END OP 
•. SOSHOUtDVOU • 
HAT SHAPE DO you SEE ? 
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"A-ha!" Super-Sleuth said. '1 have discovered ^\ great secret. 
Looking at the Qn^s , the co-run-dum crystals are the Same shape as 

the quartz crystals. They both have hexagonal ^hape/s." ' 

* 'I 

"Yes, they do," Studious said. "If we had a^ overhead pro- 
jector, we could use it to" check this fact." 



CHILDREN^ ASK VDU^ TEACH HR Jo PUT 
A HEXA60IS/AL CjUARTZ. MODEL ON , 
ONE SIDE OF the/overhead PROTECTOR^ 
AND SQt^E CoRDNOUtV\ SAMPLES ON , 
THE OTHER SlPe/ MONA/ Vbu CAN 




Studious noticed that Super-Sleuth was still lo9king at the 
quartz and corundum crystals, as if he still wanted' to know more - 
about them* He said, "Even though the quartz and cO-run-dum- 
crystals both have hexagonal shapes, there's still something very 
different about thefn. Tell me. Studious, do the co-run-dum crys- 
tals grow in clusters like the quartz? If they do, hov^ come they 
have two rough ends, but no points on any end? " 

"That's a very good question, Super-Sleuth. Can you find 
the answer yourself? " 



CAN YOO THINK 0^ ANV RE/^SON \AIHV 

THE coRu^lPU^A crystals HAVF 

NO POINTED EKDS? IP you C^^M, 
TELL THE CLASS ABOUT IT, 




Super-Sieuth really strained his brain trying to think. Studious 
.went to the kitchen and brought in a plate of chocolate-chip cookies. 
Super-Sleuth took one look at the cookies and said, ''That's it! " 

• "What's what? " Studious asked. She knew that Super-Sleuth 
rrust^be on the track of something very interesting, if he would just 
stare at the cookies instead of eating them. 

"Studious, I he/e decided that these corundum crystals come' 
like the chocolate chips in those cookies not in clusters or bunch- 
es but here and th-^.re in some other jnnateriaL " 

"You're absolutely right, Super-Sleuth. The corundum crys- 
tals form 3eparately — one by one — in a big mass o.f brown or 

black material that is called 'lava.' Geologists have to chop av^ay 

ft 

the other material in order to find the crystals that are scattered 
through it. " i57 
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Super-Sleuth thought that, by now, he must be the world's 
greatest expert on crys-tal shapes* He was ready to take his birds 
and go home. But Studious Jones had other ideas. She showed' him 
a page of snowflake pictures, and asked him if he' could decide 
viifhich basic crystal shape the snowflakes had. Super-Sleuth got 
out his magnifying glass and studied the snowflakes. 





THe^b are the snow- 

FLAkES. THATSOPER- 

5L&0TH STWBP. CAN 
you TEUL. WHAT 
SUBSET op BASIC 
CRYSTAL SHAPES 
THEY BBLoW&lofJ 




Super-Sleuth counted the points of each snowflake* Surpris- 
ingly, the number of points was always the same. ^ 




"I've counted the number of points on each snowflake, " Super-^ 
Sleuth said, "and they all have the same number, Buf what does 
that prove^ about their shape? " - - , ^ 

"Mot much, " Studious.said/. "But if you look more toward the 
center of the crystals, maybe you could see a typical shape. " 

*'A-ha. I do, " Super-Sleuth said, and he-told Studious .the 
correct basic shape that he saw in each crystal. 
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DID yaU^l=lMDTH^ BASIC 

CRySTALS? XF yoi; DfD^ 
WRifB IT HEREv 




"Another thing you could do/ Superb-Sleuth, would be to taky 
a pencil and ruler and draw lines from the tip of each point on a 
snowflake to the tip of the next point, and so on around the crystal 
until you had all the sides drawn* " Super-Sleuth took a pencil and 
a ruler and did this . ' \ ' 

• ■ \ 




^Hl; \A/HY,CON-'T^^TAKE A PENCI L AND RULER 
AtoDRAW UNES PRONA THE TIP OFTOME PC>\NT 
TO/TrtE TIP 0V=- AMOTHER POINT ON HACH 
SNONAIPLAVCE CRYSTAL, ALL AROUMD EACH ONE? 

NOTICE THEUTTUE DOT J\;sr BEYOND 
EAChl POINT AND US^THESE DOTS AS 
jS-ULU::?ES-^QR- STARTlN(n AND FNDIN6 EACH-U ^^ 



i U 






mf\T ISTI-IENAMEOFTHE 
SHAPE yoo SEE in THE 
5N0WPLAKE CRVST/\ LSr 





-I « 
1 < a. 



Super-Sleuth was able to give the correct- answer, too. Mow 
he started to say goodbye again, but again Studious stopped him. 
This time she drew two figures on a piece of paper, marked them A 
and B, and asked Super-Sleuth to look at them. 




HERE lSWHAtST0DlOi;s PRENNJ ONTHFP/IPER^ 
FOR SUPER-SLEUTH- 




A 





Studious asked, "What is alike about these two figures?" 



rwfi/iT DO Vou'think is AUkf 

moor THE two PiGlPRtS? 






• Super-Sleuth said, "I don't think the figures look much alike 
at all. " Studious gave him a hint, saying, "Why don't you try 
counting the number of sides on each figure? " Super -Sleuth did 
that. 



•I r-; 



\ 



YOU SHOULD 
OOUNTTHE 

'SIDES ON EACH 
B6-UR£,roo. 




Super-Sleuth counted the number of sides on each figure cor- 
rectly. "Now, surely, it is time to go home," he said. 

"Not quite, " Studious said. "You have counted the sides on 

each figure, and found that each has six sides. That means that 

both figures are hexagonal in shape. But there is something else 

that IS alike about the two figures. Can you tell me what it is , 
V 

Super^Sleuth'' " 

-1 r< 
1 f o 
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Super-Sleuth stared at the figures a long time, ' He didn't 
want Studious to know that his brains were completely frazzled' 
from so much thinking, so he said, "Studious, my birds are hungry 
I really haye to take them home and feed them. " At this, the birds 
fluttered wildly around the. room cadling out, "Hungry! Hungry! 
Hungry!" ' . ' 



"All right, Super-Sleuth, -maybe ytru^should go home, now," 
Studious said. "But take this paper home with you, and maybe by 
tomorrow you can figure out what is alike between the two figures, 
besides the fact that each has siV: sides. " 

"Till tomorrow, then, " Super-Sleuth said.. AA^'ith his birds 
roosting ail over Him, hfe. went home. 




HELIO STUDENTS, 

Qm VOU DISCOVER WHAT 
IS ALIKE ABOUT PKSrORes 
A AND B BESlDFS 
THE FACT THAT EACH 
HAS SU SIDES? 



Keep yooR. ahsvjb^s-(v yoorsblws 

UNTIL ToHokRovJ, WHEN SUPER^SLEOTH 



Lesson 15: ANOTHER CRYSTAL PROPERTY — MAG OF THE ANQLE 



Learning that crystal shapes have characteristic angles pro- . 
vides the- children with another property that is valuable in 
identifying certain materials. If a scientist found a badly 
damaged crystal of some sort that still had evep one unbroken 
angle with a mag of I 20 degrees^, he could hypothesize that 
a Itypical crystal of this same kind might belong to the basic 
cr^ystal subset of hexagonal shape. Why would he be able 
tctdo this? That is what the children'^find but in this lesson, 

Aftjer comparing two hexagonal shapes in the last lesson, the 
children tound out that both figures had six sides each. Now 
th^yj/vill discover, by the use of a pro.tractor, that — even _ . 
though the lengths of the sides of the two hexagonal shapes 
are different — each angle has a magbl 120 degrees. • 

The transparent protractor used in this lesson and in Lesson 16 
is similar to the clock protractor the children used in Unit 21 , 
except that this new one has degrees (180) as well as hours (6) 

The lesson begins with the third and last part of the story 

a bout. Super "Sleuth, then goes on to give the children practice 

in measuring the mag of angles . 

iViATERIALS _ * , 

— Part 3 of Super-Sleuth story provided in this lesson and in 
the Student Manuals 

Workshe,ets 24 through 27 

— -protractor on transparency, - 1 per child 
PREPARAT-ION - - ■ ' 

f * 

The transparent protractors used in this lesson come With the; 
special printed MINNE^ST materials. Each transparency 
should b'e cut in two before class / so that each child can be 
given one protractor, ^t the end of the unit, collect the pro- 
tractors and save them fof other MINNEMAST units. 



PROCEDURE 



The children should remain in their seats as you begin the 
lesson by reading the concluding part of the Super-Sleuth 
story* TJ);^ -should follow along in their Student Manuals. 



\ 



4^ 
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PARTnr 
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super-sleuth: amd studious jones . . • 

. . ' . . Part 3 , 

Super- Sleuth and his birds met Studious Jones the next day on 
her way home from school. Supep-Sleuth had.the 'paper with the two 
/ hexagons on it in his hand. He had a big smile on his face as he 

Walked up to her. "I iTSve. discovered another difference between these 
two hexagons, " he said. "I measured th^ lengths of the sides and 
th^y are not the same. Here, take this ruler and check for yourself 



you SMDULD 05E A . 
RULER /\ND QUICKLY 
MEASURE THE LEN6m5, 
OPTI+E SIDES OF 
^ EACH WBiheOHjVOO. 





THE SIDES OF F16URE 
A ARE ALL ABOUT THE 



LENIGTH. 




THE SIDES CP 
FIGURE B ARS 
ALL 
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studious w§s not pleased. "Super-Sleuth, I asked you to loqk 
for ;=^norhpr similarity between the two fiaures , not a difference . Any- 
one Can see that the figures have sides of different lengths, even 
though each has six sides* Now, think hard, Super-Sleuth, what else 
is the same about these two shapes? " 

• Super-Sleuth really concentrated, but he could riot find a single 
thu.q more that was alike about the two shapes,. He looked^so disap- - 
pointed that Studious decided to give .him a hint. She brpught out a 
protractor and handed it to him. 

"This thing is full of lines and numerals. What is it for? 
Supor-Sleuth asked. 

~ I "It's a hand)!: device for measuring the m,ag of angles,." Studious 
said. "iNlow, does that give you any clue aboui what you should be 
looking lor'^ " ' \ • ' 



Siioer-Sleujili turned the protr^ctoV over and over in his hands. 
, He lookc^d at it through his trusty magni^j/ing glass. He looked at it 
near, an^l he looked at it far. Finally he\saici, "This fancy thing of 
yours tells me nothing at all." Ho sounde^ rather -peevish and his 
birds settled on his shoulders and Hat, as M they felt sorry for him. > 

"Do^'t you want to learn how'to use tl^e protractor'?" Studious 
asked. "If you would, we could co.mpare theVnag of each hexagon's 
angles to s.ee if they are alike in s^ine way. " \ 

Super-Sleuth put his ^ands oi\ his forehe^. His brains felt 
scrambled Ho didn't even know \A/hat Studious was talking about. 
'*The rr.ag of angles, indeed!" he tiiought. "Who\ever heard of such 
a thinq'^ " But out loud, he said, /"Studious , I ha^e to hunv home. . , 



1 think I left something cooking op the stove. Wh/ donh you just 
lend the protractor to me for a few days? I'm sure r 11 get the hang 
oY it in no time at ali. " ^ \ 



"AiHrinht " F^turiiou^ <?aid. '*I have some errands to do, so may 
be another',dr / would be better." She gave Super-Slfeuth the protrac- 
tor and said goodbye, 




o 1 



Super-Sleuth hurried away, even though he knew there was 
noihing copking on his stove. When he got home, he put the pro- 
tractor in a drawer and ^^^^ ^^^^ tried to figure out how to use it. 
Instead,, he took out a penny and stared at it for^'a long, long time. 
He stiU didn't believe that the copper in the penny was made of 
crystals. He made up his mind to find a microscope and check what 
Studious had said. ^Of course, when he finally got around to doing- 
this , he founc^ out that Studious Jones was right. And he felt bad 
that a sixth-grade girl knew more than he did about such things • 
But just think hov/ much worse he would have felt if Studious had 
told him that children in the second and third grade knew how to 
use protractors! However, Super-Sleuth still has his friendly birds, 
and they seem to think he is pretty smart. 




Vkork^heet 24 
In it 26 



Have the children turn to Worksheet 24 which shows a draw- 
ing of a clock protractor and some problems. Ask them if they 

remember using a clock pro- 
tractor in the second grade 
when they studied Units 21 
and 22. Then briefly review 
the following angle concepts 
with your class: 



< ItK-k Vroi factor 
0 



This anicle iw.isures 
htMjr*.. 




3. y 



_hours . 



rhU an 




1 . A ray is a set of points 
that has one end point 
(origin) and extends end- 
lessly in one direction. 
A ray is represented in 
this way: % > 

2. An angle is defined as 
two rays with a bommon 
origin (starting point). 
It is represented like 

3. When the children mea- 
sure a line segment, they 
are medsuring its length. 
When they laeabuxe tlie 
amount of space occupied, 
they are measuring volume. 
But when they measure an 
angle, what are they mea- 
suring? There was no word for this, so in Unit 21 , a word 
was made up and introduced. The word is "mag." Therefore, 
when the children measure an angle, they v;ill be measuring 
its mag. They will do this by measuring the amount of rota- 
tion from one ray to the other ray. 




Amount of rotation = Mag of the angle 
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An angle can have different mags. 




Rotation A is less than rotation B. The angle (made by 
two rays) does not change at all, but it is possible to 
rotate in many ways from one ray to another. To avoid 
confusion in Unit 21 , the children were asked to use the 
smallest mag of an angle, rotation A. 



A 




To measure the amount of rotation from one ray to the 
other- (the mag of the angle) they used a clock protractor. 



The anit of measure in Unit 21 was hours. Therefore 
this angle = 3 hours. 




1&3 



The following two problelns are given on the bottom half of 
Worksheet 24 » Have the children write in their answers, 
then reviewthe process as a class. activity. 



This angle measures 2 hoiirs. 




This angle measures 4 houFS. 





Each one 'Of these parts is called a decree. 
On the new protractor^ there are [80 degrees.' 
There are also 6 hours. 



16. 
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llistribute a new transparent protractor to. each child and say, 
,*T'his is the kind of protractor- that Studious Jones gave to 
Super-Sleuth in the story. How is it like the clock protractors 
on Worksheet 24? 




In the discussion^ bring out the following similarities and 
differences: 

I . Both have hour marks . 

2, Both are in clock form> though this transparent one is 
only half a clock. 

Differences: 

I . The transparency is larger than the full clock protractor. 

2. The transparency has more marks (more units) than the 
full clock protractor, 

3. The new clock protractor is numbered from 0 to 180 degfees, 
and also with hours 0 through 6. 
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Tell the children: 

0 

WITH THIS PROTRACTOR WE HAVE A CHOICE OF MFAStjRE- 
MENT UNITS. WE CAN MEASURE THE MAG OP-ANGLES 
EITHER IN DEGREES OR IN HOURS — JUST AS WE CAN MEA- 
SURE LENGTH IN UNITS THAT ARE INCHES, OR FEET, OR 
YARDS. • 

Have the children open their Student Manuals to Worksheet 25. 
Sho\v how to place the dot at the center of their protractors 
directly ov.er the "corner" of each angle (where the tw</rays 
originate); Ask them to line up the zero line with the ray at 
the left. Have them practice doing this and go about the 
room checking to see that all the children know where to , 
place their protractors in order to measure the mag of an angle 
'.correctly. When the children know how to use\the protractors / 
have them measure the angles on Worksheet 25 in both degrees 
and hours. 

Next have the children measure the angles on Worksheet 26, 
giving only the number of degrees. 

Ask the children to complete Worksheet 27. In discussing 
the results, the children should see that all the angles mea-- 
sure 120 degrees, even though the figures are very different 
in side, length. Then say that scientists who have looked at 
many such six-aiucu cry b Lais have fuund that all those they 
examined have parallel surface angles of 120 degrees. This 
leads them to theorize that all crystals of similar shape have 
angles of 120 degrees. 



Continue by saying that in nature, one seldom" finds a perfect 
quartz crystc^l like the model the children made. Then go on 
to say that if a scientist found a brokerl crystal, or an irregu- 
lar one, and if it had even one angle with a mag of 1 20 degrees 
he could use this information to hypothesize that might be- 
long to the hexagonal set of crystals. He could u«e this hy- 
pothesis as a starting point for further study. 

Tell the children that they will need their transparent clock 
protractors in the next lesson. (You may wish to collect the 
protractors now and distribute them again, as needed.) 

You might like to conclude this lesson by asking the children 
if they think Super-Sleuth could have learned how to use the 
protractor if he had really tried. 
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Lesson 16: /SHAP'ES RESULTING FROM CLEAVAGE _ - 

In this lesion the chilSren^find out abouti the property of 
cleavage the /characteristic of some minerals to break in 
a distinctive way along flat surfaces. Filrs/ the children peel 
of! thin layers of selenite with their fingernails and see how 
this mineral cleaves into pieces that hav^^'flat surfaces* 
Next they ob;Serve how qalcite cleaves (always into pieces 
with six flat ^surfaces that are parallelograms with all sides 
slanted). Then you give a. demonstration of a rnineral (topaz) ^ 
that does not have the property ot cleavage — it breaks 'into 
pieced in no distinctive way. The pieces are just jaggejd 
-lumps. \ , ' ^ ' 

The children learn that the property of cleavage can "be used 
as a guide in trying to determine what a mineral might be. 
If they can peel a mineral sample into thin layers. with their ^ 
fingernails, it might be selenite. If they can break a min-^ 
^ral into pieces each of which has six faces , all of a char7 
acteristic slanted parallelogram shape, it might possibly be 
calcite. And, if a mineral does not have a definite pattej'n - 
of cleavag.e, the children can hypo't^ ^ ^e that it is probably 
neither seTenite-no^alcite. ^ — 11. / 

Jn the last activity of the lesson, the children make a model 
of ^ box with rectangular faces. They push the top of the. box 
so that the frc^rtt and back look like calc.ite faces^. But vyhen 
they look at the other faces, "they see that they are not plant- 
ed like calcite. they are rectangles. The children then cut 
the model until it represents a calcite crystal. They observe 
the differences ^nd measure the mags of the angles. ^They 
.discover that each calpite crystal fa^ce has opposing ^qual 
angles. Two opposing angles have a mag of 78 degrees and 
two. hdve^a mag of. ! 02 degrees/ At the end of the lesson the 
children are able to distinguish' the shape of a calcite face 
from other shape's, .They are also able to check by measuring 
the mag of the anglefe. This is a follow-up on the work pre- 
viously done with he:<agona] shapes. 



I 



MATERIALS. ■ • . ' " ' 

- all samples of selenite and calcite and I sample of topaz- 

\ 

- rock or hammer-for .demonstration of cleavage, ^ 



- newspaper pad fpv pounding 



V - 3 pieces of black construction paper ' 

- Worksheets 28 . 29 and 30 \. 

\ 

- paper and pencils * \ 

^ ' . \ 
> ' > • '\ 

gre a se - pencils 

^ ' . \ 

t - ' pro trafctors^ from previous lesson \ 

PRObEDURE * ^ ' . 

I ' . i 

• f ^ ^ ^ 

Activity A , » 




V 



V 



Remind the children that'i'n previous lessons they discovered 
several properties that helped thejm to^identify materials. 
Briefly review* with them some .ofjhose properties: hardness, 
weight, volume, density ^nd shape. Then! say that in thfs.- 
activity you w?^nt the children-to-'see if they can discover 
another property that will aid in identifying some minerals^. 

Have" the* children gather around a demonstration table on 
which you have placed eight samples of selenite ; eight sam- 
ples of calcite, one sample of topaz, a tray, three sheets of 
.black" construction paper anqi a rock or hammer. ^Ask the chil- 
dren to sit on the floor during this activ'it^j^. Place' a she^t 
of black paper in a tray and. put one sample of the selenite 
on the paper. Ask the children to try breaking off pieces of 
the selenite with*their fingernails a? ue tray is passed around 
to them. It may take a little experimerj(taj:ion, but ho^ the 
children will discover that t:hey can i-ael off thin layers of 
the'piineral in this way. When everyope-nas had an oppor- 
tunity to see how the selenite sep^irates, jtake ihe tray and 
set it aside foriater observation and discussion. / 
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Next pass around the eight samples of calcite. Ask the chil- 
clren to try -breaking the calcite samples with their fingernails, 
.(They will riot be able to do so J Then wrap a sample of gal-- 
cite in a thick padding of newspap'er (to avoid flying particles) 
and pound it with a rock of h.ammer until it breaks. Try pound- 
ing rather gently at first and' increase the force only if neces- 
sary, as some samples cleave fnore easily than others. Place 
the-calgite sample arid the pieces on another sheet of blacjc, 
paper a^^^pat asiot^ for later^use. 



Similarly wrqp a sample of topaz and break this as you did pe 
calcite. Plabe the pieces on a third sheet of black paper. ' 

Ask the childtert tp examine th^ miaexals on the thr.ee sheets 
of black paper and tell you what they observe. Ask questions 
that will help in their^ohservations , such as: (^-^ 

' HOW 'DID THE SELENITE BREAK? WHAT DO THE PIECES 
LOOK LIKE? , . ' 

Ti>e children should pick up tl>e pie.ces. ; They should be able 
to say t\x4it the selenite broke^ off in pieces that he 1 flat sur-- 
faces./ ' ' . * ' 

^^J^p^i direct attention to t^calcite pieces.* 

/ HOW DID'TIJE CALCl^ BREAK APART? DID .IT BP.EAK IM 

. ANY PARTfCULAR WAY? ' 

' *■ ^ <• * 

Encourage. the childreri to handle the pieces until th^y are able 
' to^ state 'that the calcite^ Iso b,roke off into'piece^s with flat 
surfa'ces. .They should also'notice that each piece has the 
shapfe of a "slanty'box" . Then say: 



' THE SELEjMITE PEEIED OFF. IN MYERS. ALONG FLAT SUR- 
" FACES. THE CALCITE- ALSO-BROKErALONG PIAT'SURF^CES. 
NOW LET'S LOOK AT THE,TOPAZ^AND ^EE HOW THAT OROKE. 

The ichildi^en should touch and look at the broken; pieces* of , 
•topaz. They should be able to s6e lhat tfeer^p 1^ a c|iff§rence 
in the way the t6p^?/broke and in the<^way the other two min- 
erals broke. 'They -should see.thdtthe pieces of to^^z'had ' 
no'definite flat surfaces not particular shape, 



When the children have discussed their observations as fully 
as they can, give them this definition of the new property. o"f ' 
minerals that they have just seen demonstrated: ' 

WHEN CRYSTALLINE MINERALS CAN BE BROKEN APART IN 
DEFINITEmYS ALONG FLAT SURFACES , WE SAY THAT ' 
THEY CLEAVE , OR THAT THEY HAVE THE PROPERTY OF 
CLEAVAGE . WHICH OF THE THREE MINERALS THAXWE 
BROKE APART HAVE THAT PROPERTY? (The selenite and 
the calcite.) WHICH DOES. NOT HAVE THE PROPERTY OF 
•CLEAVAGE'? (The topaz.) . 

. Now discuss with the childrenVhether or. not this new prop- 
erty could be of any^ value in identifying" a material. Ask: 

IF YOU HAD A MINERAL THAT YOU COULD PEEL OFF IN 
SMOOTH FLAT PIECES WITH YOUR FINGERNAIL, WJIAT 
HYPOTHESIS MIGHT YOU" MAKE ABOUT IT? (We could 
A use it as one hint that the mineral might be selenite.) 

^WHAT OTHER TESTS HAVE YOU LEARNED DURING THE 
' STUDY OF THIS UNIT THAT YQU COULD THEN TRY ON THE 
UNKNOWN MINERAL? (We could observe it, test it for 
hardness , density and shape.) . ■ 

IF YOU HAD A MINERAL THAT YOU COUUD BREAK INTO 
PIECES THAT LOOKED |,IKE LITTLE SLANTED BOXES WHAT 
HYPOTHESIS MIGHT YOU MAKE ABOUT TIlAT? " (That it 
mi^ht possibly be calcite.) . 

WHAT OTHER PROPERTIES MIGHT YOU'THEN INVESTIGATE? 
(Its appearance, its hardness, density and shape.) 

Now ask the children what hypothesis they might make if a 
mineral broke in the way that the topaz broke ~ that is, in 
rough lumps of no particular shape. The children should be 
able to tell you that they might hypotheslze'that the topa^ 
probably was not- either-selenite-or-calclte^and^ belonged _to 
a set of minerals with the property of "no cleavage. " 

Put away the, selenite and topaz samples, and keep all eight 
calcite samples for use in the next activity. Tell the children 
that soon they are going, to try to find out more about the cleav, 
age of calcite. 

"193 



Activity B ' 



Divide the class into seven groups and'prpvide each group 
with one sample of palcite. Ask the children^ if they recall . 
what the sfhall numeral " 3" on one face of the calcite indi-r 
cates. (Its harrfness in Mohs' Scale.) Tell the children you 
want them •:o ignore this numeral and number each face of,, 
the calcite (I through 6) with a grease pencil until each face 
has a Clumber. Demonstrate' to the_ children how: they'^can ^ 
start on any^face of the calcite and keep turning it until they 
have numbered all the faces. Select one member from each 
group to da this. If you have only three grease pencils, ask 
^the groups to pass them* along and share them. When the 
numbe,ring|has been completed, check eaph sample to see 
if the numerals are legible. Collect thie. grease pencils. . 

Now ask ^ach group to use just one sheet of paper for trac- 
ing aroun(^ all six faces of the calcite with a pencil. Demon- 
strate hoj^ they care to do this. To trace face # I , they should 
put that face down on the paper. When they have finished 
drawing/the outline of the face, they should number the draw- 
ing with the appropriate numeral. To avoid confusion, and to 
give each^ child a part in the activity, assign the tasks. If , 
there are five children in a group, for example, you might 
wf-ite yihese tasks on the board: . ' * 



ild I traces around face # I and writes " I 'Mnside hi^. 
tracing. 

hild 2 traces around face # 2 and labels his tracing ^^'2. " 
Child 3 traces and labels face #3. 
Child 4 traces and label^ face*^#4.. 
Child 5 traces and labels face #5. 
Child 1 traces and' labels face #6. 

/ When they have finished doing this, each group should have 
^ one sheet of paper. with six labeled outlines on it, like this: 
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Now ask the phildren: 



ARE THESE SHAPES ALIKE? HOW ARE THEY ALIKE? 



The children should see thaf the shapes they have*drawn are 
like slanted boxes. Next ask them to turn to Worksheet 28, 
K sic if they can figure out which outlines were traced from a 
calcite miner,arsample. 

Accept all suggestions. If 
the children are.having diffi- 
culties, direct their attention 
to the angles of each figure.. 
Ask:' 



ARE THERE CERTAIN MAGS 
THAT CAN BE ASSOCIATED 
' WITH THE ANGLES OF THE. 
CALCITE FACES? 

Remind the children that an- 
''gles were found use^yl when 
they were Ipoking at hexa- 
gonal crystals. All those an- 
gles had a mag of I 20 degrees. 
Perhaps if the mags of the 
calcite angles were measured, 
fhe children could find out 
. something useful about thosG, 
too. ' - 



^0 " , 




E 











Provide the*chiidreh with the 
transparent protractors from - 
the previous lesson and ask 
them to try measuring the an- 
gles on their calcite samples." 
Allow for some error. They 
should get measurements, of approximately 100 degrees and 80 
degrees (actually 102 and 78). Now have them measure the 
angles of the tracings they drew of the calcite faces. .(They 
should get results very similar to those of the calcite Itself. ) . 
As a third measuring exercise, ask the children to turn to 



Worksheet 28 again an4 measure the angles in^the figures 
shown there. When the children. have finished measuring V " 
•and marking in the mag of each angle, ask if they can tell 
more easily now^which .shapes were traced* from .calcite and 
which were not. If some are still unsure at this point, do 
^ not be unduly concerned. In the next activity the children 
will build calcite models and obtain a better undersftriding 
of the shape of the. calcite crystal. 

Activity G ^ ' * , • * . 

Ask the children to remove *VVorksheet 29 carefully from their 
, Student Manuals. Provide* scissors and ask theiji to cut off 
the right half of the worksheet (the part that has one long 
figure printed on^it) and to put the left half away for the time 
being. _ . . , 

Now have the children cut a- 
long the^ heavy black border 
lines of the long rectangle * ■ 
and around the black- flap at 
the top of it.. (They should 
ignore the slanted lighter 
lines^) A'fter each model is 
cut out, the children should 
fold' along the three dotted 
horizontal lines, and fold in 
the black flap. Provide cel- 
lophane tape and have them^-^^^-^ 
tape the flap in place; When 
they have done this,' the chil- I 
dreh should each have a rnodel 
that looks like a box with< its 
froht.and back ends missing. 
Check* to see that everyone 
has such a model. Now ask 
the children to look- at ejther 
open end' of their models and 
describe the shape they see. 
(Each open end is square.) 
Next ask the children to look 
at the other faces of their 




models and describe th&shape^of those. (These four faces 
are all rectangles J Tell the children to plac^Jh^e models on 
their desks and/ with their fingers, press the box shape until 
its side^ are slanted toward the left. _ ' - ^ 





With your fingers, y)ress one'side ,ofi the model so that the 
angles of the open end change. Holding it in this position, 
ask the class to describe what they see-. " * ; 

DOES THIS OPEN END LOOK LIKE A SQUARE NOW? (No J 
WHY DOESN'T IT?, (The sides slant. - The angles are not 
the same..) ^ ' , o 

WHAT DOES THIS SLANTED SHAPE LOOK lIKE? (It nooks 
. like one^face of a calcite crystal.). ' . * 



Still holding the model so that its open ends slant, ask the 
children to jdesorilpe the four closed sides. (They are still 
rectangles,) Then ask: . \ V 

IF THIS MODEL HAS FOUR RECTANGULAR FACES AND ONLY 
TWO ENDS THAT SLANT, IS IT GOOD MODEL OF A CAL-. 
CITE CRYSTAL? WHY QR WHY NOT? . * 

'»* * ' ' 

In the ensuing discussion the children should agree that what 

you have be^n holding up is not a model of a calcite crystal 

at all. If it were, all six face s^ wouldv have slanted sides. 
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Let them check this with calcite samples,, and with their own 
models with the .two. open ends pifessed aslant. 

Suggest that the children take their scissors and cut through 
the tape ;that holds' their :cardfaoard^models'^to^eth0r.- -Thisp — 
time they should cut along ihe slanted lines1?f the figure, 
fold along the same lines as before, and tape in the f}ap, 
Ask: , " > ' 

WHAT DOES YOUR. NEW MODEL REPRESENT? (A calcite 
crystal with two faces missing,) ^ 

Ask tfife children' to bhex:k and see* if airthe faces have slanted 
edges. (They all do.) * % . 

Have the children get the other half of Worksheet 29 and cut 
out the three shapes printed on that. .Tell them that, when 
.they have bent back the black flaps on each model, they are 
to choose from the three shapes those that are most appropriat 
to, complete the missing faces on their. calcite mQddls. When 
they choose to tape in the: two shapes that have all sides 
slanted, ask why. The children will say that they are choos- 
ing the shapes with the slanted sides because all sides of a 
calcite crystal slant. Ask: * : . s 

WHAT Db YOU MEAN WHEN YOU SAY THE SIDES ARE 
SLANTED? (The angles are different from those of a 
square or rectangle.) , ^ 

Distribute protractors and have the children measure the^mag 
oi each angle on their oalcite. models The angles should • 
measure either 78 degrees or 102 degrees, but allow for a. 
little error. Accept measurements that are within thr^e or ' 
four degrees of the ideal. Have the children write the mag 
of each angle directly on the model. Then ask them*\o mea- 
sure the angles on the square face they did not use, and to 
mark in the mags on that. A discussion after these measure- 
ments should lead th'e children to see the differences between 
a square (or other rectangle) and a calcite face. The square 
(or any other rectangle) has four straight sides and four an- 
gles, -each with a mag of 90 degrees^ All sides of a'calcite 
face are slanted and the angles are 78 degrees and 102 de- 
grees (approximately 80 and 100). - 

■« GO 
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Workfheet 30 

Unit 26 



Njum. 



Wa9 thti 4-«ldcd polygon traced fro»i a ctlclte 
.mineral sample' 

« 

or why not? . - . 



Have the children turn to , 
JATorksheet 30*. Ask the 
children if the figure print- 
ed on that worksheet could 
be a calcite face, rfave 
them v6J:§ yes or no* Then 
asic those who said yes, 
why they did so. Ask those . 
who voted no why they did 
SO', too. Then ask the chil- 
dren to measure the angles 
of the figure on Worksheet 
30 . They will discover that . 
^the angles oh this 'figure - 
have mags of 78 and 102 de^ 
grees. When they have done 
this, ask the children to 
count the sides of the figure. 
(It has four sides.) Then say: 

. THE FIGURE ON WORK- 
SHEET 30 HAS ANGLES 
OF THE SAME MAG AS THE 
CALCITE FACE. IT ALSO 
HAS f6uR S^DES^ IUST A5' 
CALCITE DOfS^. WHY, ^ ^ 
THEN , CAN'T wIN5AY THAT 
IT IS THE SAME AS AKIAL- 
CIXE FACE? . . 



\ 



The figure on Worksheet 30 is so different in appearance from 
\ that of a calcji^rystal face that the children may think it is, 
strange to even c^sider this question. But they may have dif- 
ficulty in describing what is r^^ally different about the two^ , 
shapes. ^What you want to elibit.here is that a calcite face 
has two. opposing angles of 7' ^egrees and two opposing an- 
gles of 102 degrees .. Also.a"^lcite face has opposite sides 
that slant ilhra parallel manner.* This means, that no matter 
how far they were extended, the two lines (sides) would never 
' meet. , ' • * \ \ ' 
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As a conclusion to this section on crystal shapes, you miCfht 
wish to tell the class the shapejof'one calcite face ds called 
a rh,ombus, and to' ask them to ^ame other crystal face shapes 
they have studied. (Hexagonal in the quartz studies, and 
square in. the study of saltiaces.) V 

... * * . , ' • ^ \ 

iona'l Disco v^-ry Activity ^ 

^\ The purpose of this enrichment activity is to have the children 
^^-rdiscover some interesting relationships between the total mag 
* measurements of polygons with different num-bers of sides.. 
It also gives them^a,a opportunity to draw a nurpiier of diff^rerfE 
polygon -^nd to use the^if new xprotractors again. . 

.\ • 

. The follbwing information iS provided as ?§acher background: 




For all 3-sid ed:"Rplygons , 
the t'otal mag of tfiB^jigles 
Wi)l equal 180 degrees. 

For all 4-sided polygons , 
the total mag of the angles 
will equal 360 degrees. 

For all 5-side(j polygons, 
the total mag,of the angles 
will equal 540 degrees,. ^ 

For all 6-sided polygons, 
.the total mag of the angles 
will equal 720 degrees. 



Notice that each time '.another side is added to a polygon, 
the total mag of .the angles is increased by 180 degrees. 



Some children in your class may have noticed that the angles 
of the calcite face (4-sided polygon) had a total mag measure 
ment of 360'degrees. Challenge them to find out if this is 
true of any other 4-sided polygons. Have them use their 
rulers when drawing the 4-sided polygons so that the angles 



will be sharply defined and easy to measure with their protrac- 
tors,. If the children measure -the angles of each 4-sided poly- 
gon and record .the total mag for each, they should discover 
that air the measurements total about the same. (Each 4-s.ided 
polygon has a total mag measurement of approximately 360 
degrees.) , ^ - - ' • 

Some children may remember that thd hex^gojiBl shape that - 
w&$. assdciated withlhe^quartz and^corund^:^ crystals had 
six e'qliQ-l- angles , each of which measured- 1 20. degrees. If ^ 
they totaied^x: 120-degree angles they would get 720 degrees. 
Challenge them again-to find cut if this would hold true of 
other 6-sideii polygons... "^"^^^ / ' ' 

Some children inay want to carry out Xhe same procedure for 
3-sided and for 5-sided polygons, /When they hav^ done this, 
ask them to list in order, the^approximate total mag measure- 
ment fgr each polygon, starting with the. 3-sided. Such a list 

might look likei.this: - - - \ - . 

... • * \ • ' 

\ . 

Polygons Total mag of angles 

3- side,si _ 180 degrees 

4 - sided " .360 degrees 

. 5 -sided .... 540 degrees ^ ' . 

6 -Sieved 720 degrees 



Ask them if they can find an interesting pattern in their data. 
This will give the children an opportunity 7o discover that 
,eaph time a side is added to a polygon, its total angle meas- 
urem'eht increases by 180 degrees. 

Theoretically the above would.be true in all instances, but 
linut the -children's statement-of results to what they have 
actually discovered for themselves . (See the discussion on 
the next page,) 
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-ALL THE THREE-SIDED POLYGONS THAT I MEASURED, 
SEEMED TO- HAVE A VERY SIMILAR TOTAL ANGLE MEASURE- 
MENT. (Thar is,' 1 80' degrees.) ' " - 

ALL THE FOUR-SIDED POLYGONS THAT i M-EASITRED " " 
SEEMED TO HAVE A VERY SIMILAR TOTAL ANGLE -MEASURE- 
MENT. (That is\ 360 degrees..) . • " 

Some children may wish to go on to inedsure the angles, of. 
7-slded and even 8~sided polygons , ^hey should be encour- 
aged to do so. ' ' , • . 

Almost all- children enjoy Vsing the protractors. You might 
like to lQt*them take their protractors home overnight or for ' 
the weekend, either to shovirtheir familiexwhat they have 
learned or to report on interesting pol^g^n shapes tl\ey found 
to measure; Be sure the Rrotractoi:s^are, returned for use in 
later units. • ^ 
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^ PURPOSE 



THEi'ROPERTY OF SOLUBILITY 



To ha.v-e.-the_children discover, -by e;^perimentation, another 
propertyViat can help identify a material — the property 
of solubility. 

To have the children experiment with two very different 
kinds of solvents (water and vinegar) not only to observe. 
vari9us properties of solvents but also to "let them hypothesize 
that there may^be other 'solvency too. 



-f: 



' - To introduce the^notion of che^pcal reaction as a natural 
' . " preparation for the work in Section 

COMMENTARY * • 



0 This section consists of only^two lessonsv Read both of the 
lessons before^tarfing to teach the se'ction in^Drder to be- 
better prepa^^ci. . In Activity A of Lesson 17 the children .ob^ . 
serve -the dis\olution of.Q, small sugar cub^ in a little water. 
THey observe this process through magnifiers and notice that, 
as air is gradually replaced „by waternn the cube, most of the 
\sugar dissolves in the water and is no longer visible^. They ^* 
tifen discover that, by stirring, they can make all of the sugar 
.^ disappear into the water.. " . 

In Activities B and 6 of Lesswi 17, the'childrdn ipeas'ure the . • 
^ ^quantities of the substances they use to make solutions. In 
^ Activity's they start with- a given amount of, water and see how 
many scoops of a substan'ce it will completely dissolve. In ^ 
Activity C the children start with a given' amount ^of the sub- , 
.stance and see how many dr^'ps of water it takes to dissolve 
it completely. If y^u wish, these saturated solutions can be 
' used for a crystal-growing experiment. At the ,end of this 
lesson the children are asked to think of any other liquids 
thcit might diss.olve substances.^ 

In Lesson I8,.viuegar is the solvent. The children. use it tO" 
try to dissolve five substances:, sugar, salt, soda, starch 
V and detergent. They discover that vinegar will not cornpletely 
dissolve all 6l tt^se substances'. They also discover that "^^ 



when vinegar is added to soda, bi^bbles appear. This chem- 
ical reaction is used to have the children see that tfiis may 
be another property that would aid in the identification of 
materials. At the end oFthe section they are asked to con- 
sider whether or not there are other kinds of chemical reac-r 
^tionsThey rriight use 'fo^help in identifying materials. 

Teaching time for this' section should be about two class 
periods. " ^ ' ' 



PREPARATION 



Materials and their preparation are usually given with the 
lessons but the following materials will be used throughout, 
the" rest of the unit "and are listed here for your convenience, , 
You will find it helpful to prepare these things'now. . Making 
the scoops is easy if you foHbw the instructions- given. One 
scoop is used for each of the containers to" avoid Qontanjina - 
tion of substances, ^ ' 

Get 32 four -ounce plastic containers from the kit. Fill each 
container to the | -ounce mark^with white substance^ as listed 
, below. Be sure to label each container with the name of the' 
substance on masking tape. This is what you will need for a 
class of 32: 

8 (4 Qz,) containers, each with I oz. granulated sugar 
8 " " ^ " table salt ' — ^ 

4 " u ^ u M - baking soda 

4 " " " " ^ cornstaYch 

2\ " . " ' " " " d etergent 
2 " , " piaster of Paris^ 

2 " V . " " , chalk powder 

^2 " — M M .. Epsom salt 

All of the above substances except sugar and table salt are 
provided in the OMSI kit. 



The kit also dontains 7 plastic straws and 32 yellow Tinker- 
toy parts for making the scoops.' In addition to these,. you 
will need a paper cutter and tape, ' 



How to make the scoops: 



Step I .Place a straw on the paper cutter so it goes through 
the diagonals on the grid' and one end of it extends 
about an inch past the cutting edge. Cut. The re- 
sult will be a 45-degree angle on your first scoop. 




Cutting Edge 



Step 2 Place the straw horizontally on the paper cutter and 
cut off the point about one inch from the end for your 
second scoop. 

Second 

Scoop ^450^ 



Repeat the procedure untilyou have 32 scoops. 

Step 3 Push the blunt end of a scoop over the end of a 
yellow Tinkertoy until the Tinkertoy reaches the 
short end of the angle. 



Scoop Made from Straw 




' Yellow Tinkertoy 



Step 4 When all the scoops and handles are joined, check 
the distance from the tip of the scoop to. the handle 
using one scoop as a standard.". Make: adjustments ; 
if necessary. > ' * ^ *^ - • 



.A 




To prevent loss of the scoops, you may warit to place thenj 
inthe containers of whit^ substaftces immediately. 
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Lesson 17-: DISSOLVING SUGAR AND SALT IN WATER 

The purposes of this lesson are to introduce the property of 
solubility to the children and.to let them discover, through* ' 
experimentation, how two different substances vary in this^ - 
, * property. - ; 

Activity A is an individual experiment. Each child has his 
. own small sugar cube and. container of water in whieh to dis-. 
> solve it, Each child observes the process of dissolution ^ 
""'^ through his hand magnifier. ' " , ' 



"' In Activity B each group of four children starts with a given 
amount of water arid Experiments- to find out -if tliis amount 
of water will dissolve more sugar, more salt, or "^he same 
amount of each. The cliildren measure the substeinces and 
" keep a tally of how many scoqps of each material can be 
completely dissolved "in 2 cm of water/ \Vhen a so lutipn be- 
comes saturated with a substance; eidditixiQal particles will 
, npt dissolve ^hd rio' more of the substance should be added. 
The children will discover that more^s^ugar will go into solu- 
tidn than salt — that is, sugar is more soluble than salt. - - 
Tlij s is a^good activity to do just before lunch to find oufe 
/whether thp solutions ^ill dissolve more of the' sjab stances 
Hfter luTich— Saturated solutions of sugar eip.d salt nmy bs 
lised for crystal-growing. • - ' ,/ ' 

In.Activity C, each child\starts with a given amount of each 
substance (I scoop) and flirts out how many drops ot waiter , 
It taKes to dissolve it. The^children discover that it takes^ 
less water to dissolve thfe sugar tharn it does the salt, reaf- 
firming their findings in Activity B -- that sugar is' more sol- 
- "liHIeTKah^s a ItTTR^ 



sheet Z\\ 

It is important that all contain^ers 'be washed thorotighly after 
each experiment. Soaking the empty containers in hot water 
for a- while should simplify this task. One or two- children 
could be given this jresponslbility. ' . . 



MATERIALS 



--Activity A (for each, child) --^^ 

— I. sugar cube (small "cocktail'' size) 

— I one-ounce plastic container with half-ounce of water 

— I toothpick ' . w ' ' 

— I -magnifier - > * 

— I small X 4") square of.black construction paper 

--^ Activity B (for class use) -~ \ ^ ' 

. - I one-ounce container with 0-4 cm tape on the. side, for 
measuring water 




^""~XctIvity P (for each group of 4) — A. ' ,^ 
— ' I tray " . . " - * 

'7- 4 one-ounce containers , ^aoh v/ith water to 2 cm mark 
' T 4 ne.w topt^picks 

— 4 small-,squares (4*' x 4"). of black constructionrpajper 
I four-ounce container^of salt, with scoops * 

— I four-ounce container of granulated sugar, with scoop 

" --Activity B (optional) — ' 

— 4 four-inch cylinders from volume-measuring lessons 

— saturated salt .solution (enough to fill 2/cylinders) 

— saturated sugar solutiorl (enough to fill 2 cylinders) • 



, Activity C- (See PREPARATION.,) --^^ 

— i container of -salt/ with scoop , 

— I container of sugar, with scoop 

" Activity C "(for *each' child) — ; 

— I reaction tray, with scoop of sugar and salt 

— rlfredicjTie dropper 

— 2 new toothpicJTs"^-^^ 

— I four-ounce contain.er wi1ii^2^ounc^s of water 
T- Worksheet 31 



PREPARATION 



Assemble the materials^for the" different activities on trays. \ 
You may want thfe children to help you with this. The reaction 
trays for Activity C should look like this:. ■ , . 




I scoop of sugar 



J scoop>sof salt 
\ 



PROCEDURE 
Activity A 



Assign five children to distribute each of the five materials. 
When all the children have their materials/ ask them to place 
the square of black paper under the water container. Then sa^ 
that you want them to observe, With their magnifiers, what 
happens to sugar cube when it is placed in water. Have / 
them drop their cubes into the water. 



/ 



/ - ' .... • - • , 

As the cube dissolves,, discuss with the children what they 
see happening. Some, possible observations and discussion 
points are: - ^ . ^ - 

■* ' " •» . ' . ' ^ 

1 . Bubbles' float to the surface of the water. Ask the children 
to hypothesize why this is happening. (Air 4s escaping ^ 

2. ^ The cube begins -^to crumble — little pieces break off and 

-fall to the bottom of the container. - 

3_, About three-fourths -of the .cube^breaksjdown. 

No*W'have the children- use their tootfipicks to break up^thd ' 
.rest pf.the cub^-. Di-scuss what happens. (The sugar dis- 
appears.) . 



Ask: 



WHERE DID THE SUGAR G0? DID WE.REIVIOVE ANYTHING 
FROM OUR CONTAINERS? (No.) " \ - ' 



IS THE SUGAR STILL IN OUR CONTAINERS? 
LIND OUT? . 



HOW CAN WE 



Tasting^ is "the be,?f^uggBstion here. Let the children do this,, 
-but remind them that ta^sting^^ould^ogver^ used to test an * 
. unknown substance. Say that, in t^Js 'casev^you^aresure - ;t 
tbat nothing has been ptit into the containers but sugar^nd^ 
water, and therefore "you are permitting' tfie* children to Cis? th.e 
tasting .test. . - " ^ 

Ask the children how the water tasted 'and what they can sur^ 
mise frpm this. (The water tasted* sweet; therefore, the sugar 
Is. s'tiir there, but it can't be^, seen.) - . 

^' . " ' *. ^ ' ^ 
Ask* the children if they Jcriow a word thiat describes what hap- 
pens when sugar disappears like thisin water. If.no one 
thinks of 'Missolve/* give them this word. Reiterate: 

WHEN A SUBSTANCE MIXES WITh4 SOLUTION SO THAT 
THE SUBSTANCE DISAPPEARS — SO THAT NO PARTICLES 

- - -0F4TbANiBE'.SEEN^--jyy:E say^tJiat the -substance ^ 

' , DISSOLVED . ' ^ 
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Then ask: ■ ' ^ . 

. WILL SOME MATERIAL^ pISSOLVE MORE EASILY THAN 
OTHERS? ^ X - 

---^ Let the children speculate. Have them name some .obvious 
^examples of -materials that do not' dissolve as easily as 
sugar/ such as^sand, wood, plastic, steel, copper, glass, 
minerals, people, vegetables, etc. 

WHAT>AB0UT SUGARAND SALT? DO YOU THINK ONE . 
' Of^HESE SUBSTANCES WILL DISSOLVE AS EASILY AS 
TriE OTHER? HOW CAN WE FIND OUT? 

Aslc the chlldren-tp make suggestions for experimental pro- 
cedure and apparatus. They will probably suggest measuring 
quantities of materials and water used/ If they. don't, ask ^ 
'them- to remember some of .the slcientific procedures t]iey,_^ 
learned Ig Unlt 23, Conditions Affecting Life . . 

-At the conclusion ofthis\dlscussl"ctn^ ask one or two -chll- *' 
, dreii to, collect the equipment. The black squares can be 
saved for the next activity/ The toothpicks and sugar solu- 
- tlon should be thrown out,^ The containers should be thbr- 
bughly Washed and -rinsed la wann watet/ Eight clean cpn- 
tainers' should be kep^ hanldy for lise in Activh^^ • . 

Activity B • ^ - * ^ " . ' . 

A half-hour before 'lunch is a^good time to start this activity. 

Hold.up:two I -ounce containers, each containing 2. cm of 
water, and pose this- problem to the class: / * 
— '» * ■»* " 

IF WE HAVE TWO CONTAINERS, LIKE THESE, WITh'tHE . 
SAME AMOUNT OF WATER- IN EACH — AND IF WE- PUT 
SUGAR IN" ONE AND SALT IN THE OTHEfe ~ WOUXD WE 
BE ABLE TO.DISSOLVE THE SAiyiE AJVIOUNTS -OF S UQAR 
AND SALT? ■ , . 

" ' ' ' ■ ■ 

WOULD WE BE ABLE TO DISSOLVE MORE OF ONE SUB- 
. STANCE THAN OF THE OTHER? HOW CAN. WE FI,ND OUT? 
O^e should tTy iti) . - - . 



. HDW, WILL WE KNOW WHEN WE CANNOT DISSOLVE ANY 
. MORE Salt or .sugar in the water? (when all the 
-^particles will not disappear J 

Divid^-the class into groups of four and assign each child a 
letter (A, B, C, D)\ Have the groups help arrange the des"ks 
so that Child A and Child C are facing each other, jand be- 
side them, Child B and Chljd D are faclng each other: 



A 




O 


0 


salt 


sugar - 


salt 


sugar^ 


O 


■ o' 


" c 


D 



Children A and C share the 
salt -container arid scoop. 



Children B and B share the 
sugar container and sQpop, 



Distribute the materials and tell the children that, in each 
group ,^ A and C will work only with the salt and and t) will J- 
work only with the^ sugar. ;Each pair of children who are - 
working together will need paper and pencil to keep a tally 
( //// ///f < etc.) of how many scoops they aire able to dis-. 
solve. The black squares shpuld^be used as in Activity A, 

Discuss the followiri§ procedure with the class: 

I \Put one scoop .of material in the water ^ - . ' 

2. Hold the container sefcurely and stir with toothpicks 

3. 'when or if all the particles disappear, add another scpop. 

.4. ^*With paper ana pencil, keep a tally of how many scoops 
are put in. * ^ ' - > . 



\ 



5. Observe and help, your partner if your solution becomes 
saturated (will dissolve jio more particres) sooner than' 
his does.. . « • . - ^ 

NOTE: Watch the salt experiments carefully. One scoopx^f 
salt jnakes the water reach the saturatioji point. If the chil- 
dren can see small particles, they^should not add any more. 

Ask the children to do the experiments; If they started before 
lunch, have them leave their equipment in place^until after 
lunch. At that time, the children sl^ould 'check their 'solutions. 
Jf all particles are now dissolved, they shoulci add another 
scoop, and. try to dissolve that. Some children may be able 
to dissolve another scoop 'or two of salt. The children who 
have sugar may- be able to dissolve as many as 35^scoops. 

When the children conclude" that their solutions- have reached 
the saturation point, fnake a' class tally bhart (similar to'the 
following one) of the number of acoops the children were' able 
to dissolve of each substance. List the tvumber of scoops ' 
(1-40) and tally the number of chifdren who dissolved each 
number of scoops.- . \' > 
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K^^^^^^^^^dxt showing the number of children and - 
the numbei^ of scoops of salt or sugar they 
dissolved in 2 cm of wafer.. Each tally 
mark;represents a child ^ 



Number of Scoops 


Number of 

■SALT. 


Children 

SUGAR 


1 








u 




3 






4 




* 


-5 


■ . 


• 


•6 






/ 7. 






8 






' 9 






■ 10 ■ ■ . 






• n ■ 






12 


• 




1 3" 






'4' 


\ 


» 


• ' • 15. 


i 




16 > 




• 








■ 30 






31 


J 




' < .32 




/II . 


33 




. 1.(1 


■ 




1 


35 - ■ 




IH • . /■ 


36 






37 


o 

^ \. ■ 1 




38 






39 • : 






40 
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From this^ data, the children ^should be able tb .conclude that , 
more sugar than salt can be dissolved in a giv^en amount of ■ 
watef. Therefore, sugar is more soluble than salt — more 
sugar goes into solutioji .than salt, * / 

NOTE: If you'^wish to make crystals^ have the cleanup crew 
pour the saturated sugar solutions into tWo four-rinch, cylinders. 
Mark these "Sugar Solution. " Also have them pour saturated 
salt solutions into two cylinders and label' these. TelAhe , 
children you are going to let these/solutions stand for a while. 
Ask what they think wiir happen, as the water evaporates. Have 
the children check thq cylinders every day.. Withirra'few 
weeks (probably after the conclusion of this unit)r^sugar and 
salt crystals will form on the sides of the cylinders The chil^ 
dren can observe these closely with. their^ magnifiers. Crystals 
will form more quickly in a warm, place, but put the cylinders 
anywhere where the. children are not apt to khbck them over. . 
However^.even if there is some spillage, enough material will 
cilng to the sides' of the cylinders to form crystals. ^ 

Have the cleanup crew thoroughly wa'sh. a'nd jrlnse the contain- 
ers used in the experiments^. They should throw away the used 
toothpicks. The black squares can' be stored for use next year. 

Activity C / / ^ - - . ' ^ . 

Raise this 'Question: ' ' . „ " 

IF YQU HAD ONE SCOOP OF SALT AND. ONE SCOOP OF 
^UGAR, WHICH MATERIAL WOULD TAKE MORE WATER TO ^ 

DISSOLVE? : . ^ : 

Let the children speculate. ,,^ From^ their work in the previou^ 
actiyity some children maj^be able to hypothesize that since 
sugar is more soluble than salt, it will.take less water to 
dissolve it; This may be too sophisticated a generalization 
for piost of the children to suggest. (This activity should 
"help show the connection.) ' . 

* . * - ■ ' 

See^hat each child has a trqiy of materials. Ask the children 
to rempve Worksheet 31 from their Student Manuals. Ask them 




*ork5hcct 31 



"Disstflvinjj in "l^ater 




■flH- 
itl . 



r. 



a/ 



i 
} 



7S: 



to place their reaction trays 

_on the^worksheets in such^a 
-way^at each v^ell in the tray 
has a black area under it. 
Have them each put one tooth- 
pick in the salt alfidjhe other , 
•in the sugar. Be ^ureithey 
undersf and they are not to ' 

' interchalnige the toothpicks. . 

, they are to us^/the salt tooth- - 
pick orilyMn the salt,, and^the ^ , 
sugar toothpick oriJyl In ihe ' 
sugar. Jxj^lain that this.ls to ; 
^prevfent contamination* Also,. - 
so that the substances do not 
,'blbw 'away, ask the* children 
not to breathe too closely over 

: them. ' ^; 

• / > ' . ' ' • 

t^oW have'^e children use their • 

„ medicine droppers to put one 
citop 6:^\yater into the sa^lt and 
one. drop into the sugar.. Say 
that' next they should stir each^^ 
subs't^nce for a few seconds 
with the appropriate toothpick,, 
but they should^ stir carefully 

. or theya.wiri poke hol^s in the 



If a* substance has not dissolved in the first drop of water, 
each child should add mojre drops one at a time*/ After the 
, tenth drop they may add five drops- at a'timei ^'They should 
keep track of haw;infar\y 'drops are added tp §ach substance, 
and not go ^^eyond 75/ev^n if a *subst^nca is not dissolve^. . 

No/substance can be considered dissolved until ^$illl)articles 
have disappeared.*. The children ma>y wish to use magnifiers 
• to check .for remaining part'icles% * , , ^ » 

When all the children have either dissolved the sugar and salt, 
.or used their quota of 75 drops /,make,.a classroom char-t^of 
their data: r - ' ' • !; ' ' 
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GKart showing the numbei: of chiidr^n arid 
.the' number of drops of water they used to 
dissolve 1 scoop of salt or 5ugar. Each 
tally mark represents :a. child. 



Number of Drops " 


'SAtf 


f Children 

•SUGAR 


1 • ■ 


< 




2 






Y > 3 
-4 


• • ; • ' 




r ' - . -4. „ ■ . 


















3-' ' -. 












9 ■ 






' io ^ " 






, ••"t»<i>>>i ;■■!!!■■■;!' 






75 ' 







(still a few particles4eft)^. 




Discuss the data* on the chart- with the children. They should . 
bet able to. conclude (I) that salt does not dissolve as easily . 
p as sugar 4^d (2) thqit sugar is more soluble ~ dissblvp^ more^ 
easily — than salt.. % . - 

Next djscuss the usefulness of the ijroperty of solubility. Ask 
-the 'children if solubility could be used as a.^test to distinguish 
^ one m^tefial from another, in the manner in which they' used ^ 
•results of tests for other prooerties -r- such as'hardnesS^ den- 
sity, etc. They should be ake to see that /by the method they 
have used in this actiyity, they could test the solubilitv of a • 
substance and compare it with the. solubility of sugar and of - 
salt. ; . ^ . O \ 
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Tell the children that today water was^i^sed to dissolve the 
, substances. Suggest that maybe other liJjuids could be used 
. / . to dissolve a substance. Ask: 

WILL StGARpiSSpLVE IN OTHER LIQUIDS AS EASILY AS. IT 
^ • ' i . DID IN WAT^R? WILL IT DISSOLVE DIFFERENTLY IN SOME 

WAY? WILL O^tHER SUBSTANCES DIS^SOLVE IN' THE SAME ' 
"'to, REGARDLESS OF WHAT. LIQUID IS USED? 

Then say thatih the next lesspn they will find answers to some 
. of these questions.- * . .v - • • . 

- Assign a cleanup team to throv/ away the solutions ajid the; 
toothpicks and to wash and rinse the reaction trays for use in 
• the next lesson. • « 

Save all the worksheets, as the data-'ViAlll be needed in Lesson 
20. ^ 
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Lesson 18: USING VINEGAR 'aS A SOLVENT 

■■ — — \ 

Here the children use^ vinegar as a solvent, instead of water. 

They dissolve five dry ^ubstances: granulated sugar, table 
salt, baking soda, cornstarch and powdered detergent. The 
purpose bf the lesson is-^o let the children discover that 
water is not t]\e only, and not necessarily the best, solvent. 

* By experimenting, they find answers to- questions^such as: 
WilL sugar be more soluble than salt in vinegar? Will sugar 
and salt dissolve differently in vinegar than in water — that 
is, .will it take more. or less vinegar than water to dissolve 
each substance? Will vinegar dissolve substances other 
than sugar and salt? > . 

When the children add vinegar to baking soda, they will o^)- 
serve that the mixture bubbles. The lesson ends wlth^'a dis- 
" cussion of this phenomenon. The children are told that it is 
called a chemical reaction and that they will be experiment- 
ing with the property of chemical reactiori in^the next section 
^of the unit. ^ . 

MATERIALS 

-? 

— 5 four^ounce containers (with scoops) of the follow- 
ing substances: salt, sugar, soda, detergent and starch 

. " — for each child — 

• — reaction tray containing one scoop of each of the 5 sub- 

stances (See PREPARATION.)^ 

— 5 toothpicks, \ for each substance 

- Worksheet 32, pencil 

— magnifying glass 

- n^edicine dropper i 

1 . ' ' 

-- for each pair < ' 

- 1 four-ounce container with I ounce of viri^etf.^inj.t 
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PREPARATION 



Before class, ask five children tb^elp you prepare the reaction 
trays. Assign one child to put one scoop of sugar in the round 

, well of each tray. Assign a second child to put one scoop of 
salt in the well next to the sugar. 'Assign the three othe^; chilr 
dren to put in a scoop of soda, starch and detergent, as shown 

. in this (^irawing: *^ 




Sugar. Salt Soda Starch DetWgent 



Pour one. ounce of vinegar into each pf 1 5 four-^oun.ce containers , 
and provide two medicine droppers per container. 



PROCEDURE 



' Brief lyjrevievy the findings of the previous lesson — that some 
substances dissolve more easily than others. If a substance 
can be dissolved, it has the property of aotubility . Some sub- 
stances are more soluble than others. Pbr example, the chil- ' 
dren found out that, in water, sugar is more soluble than salt.. 

Tell the children that today they will try to find out whether 
or npt it makes any difference what liquid is used td dissolve 
a substance. Pose these iiyiesiionst.,-^ ™ — ^ — ^ 



IF.WE USE VINEGAR INSTEAD OF WATER, DO^YOU THINK 
SUGAR WOULD DISSOLVE iM IT MORE EASILY THAN SALT? 



WOULD SALT BE MORE SOLUBLE IN VINEGAR THAN 
SUGAR? ' • : . ■ 

WILL BOTH BE ABOUT EQUALLY-SOLUBLE IN VINEGAR? 

~ WILL OTHER SUBSTANCES DISSOLVE IN VINEGAR? 

HOW CAN WE FIND OUT? 

Give the children an opportunity to make suggestions. An 
obvious one is to try dissolving sugar," salt and some other 
substances with vinegar. Tell the clt^ildren that thatj? what 
they are going to do — experimen^t With vinegar as the solvent. 



vtorkshect 32 
U>»lt 26 4, 



' Dissolving in Vinegar 

•nil 

Su«ar . Salt Soda Starch Ootewnt ^ 



NOTE': See p,216 for possible results. 



Children wiirbe working in* 
pairs to share the vinegar^ so 
have each pair move their 
desks together. Have the chil- 
dren remove Worksheet 32 from 
their Student Manuals and get 
out their pencils; Assign mon-- 
^ itors to distribute one reaction 
* tray (containing the five sub- 
stancfes) to each child. The 
- children should put their trays* 
in the appropriate place on the 
worksheet, as in the last les- 
son. .Ask another child to give 
five toothpicks to each member 
of the class. Tell the class to 
use one toothpick for each sutjf 
stance* Show how you want the 
p toothpicks placed when they 
are not being used for stirring 
(i. e, away from the bottom of 
the wdrksheet) • 
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Placing the toQthpicks In this position when not in use pre^ 
vents the danger o,f knocking another toothpick from its well 




^ Again remind the. children to be careful not to poke holes In 
the tray wi^h the toothpicks. <■ • 

Have, a /magnifier and a medicine dnSpper distributed to each 
child, and a container of vinegar tp.^ach pair of children. - 
Explain that two children .will share the vinegar cind that they 
should remove their droppers each time they are used, so 
that the container will not tip over. . 

Have the children listen carefully as you give them the gen- 
eral Instructions. Ypij may want to list some otthe^e on the 
chalkboard. * When you have given the Instructions, the chll-^ 
dren should be able to proceed on their own after Step 2, with 
only occasional guidance. " ^ 

General Instructions: 

Step I Add 5 drops of vinegar to all wells. ^• 

Tally the number of drops 'bis low each substance on 
the worksheet/ n ' 

284 . 



" - Stir each substan-ce with its^own^ioothpick.. 

Record any unusual observations at bottom of work- 
sheet. /. 

(NOTE: .You may want the children to do Step I. before 
you give them the other steps. They will probably 
observe that the soda bubbles;) 

Step 2 Add I drop at a time to all wells. ^ 

Tally the number of drops. 

Stir. ' - ^ - < - - ^ _ 

Make 6bserva1;ions. 

(NOTE: When and if any substance dissolves stop 
adding vinegar to that substance. Then record the 
total nuniber of.drpps. Make observations for that 

substance,). 

'''' ' / 

Step 3 After- 10 drops have .been added to any substance^ 

add 5 drops at a time ufitil the substance dissolves. 
If a substance has not dissolved/^y 75 drops, stop ^ 
adding drops,,. Record observations for all substances 
(general appearance of each solutiori),/ 

Have the children do the experiments in the prescribed man- 
ner. When they have finished,^ have them discuss the results. 
In this discussion the children :should answer such questions 
a^, "Did salt dissolve m6re e^asily in vinegar than sugar did? 
Or was sugar more soluble in it? Were both about equally 
soluble? What were the results when vinegar was added to 
the so^a? To the starch? To the detergent?** 
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Possible results are r 

Suga'^ Salt Soda Starch Detergent 





5 

1 

} 


5 

5 
5. 
5" 
5- 

r> 
5 
5. 

5 . 


5 

s 

■5 

5 
L 


5 

. r 

- 5, 
'5 

5" 


5" 
5 

•5 . 
5 

5 
5 

. 5* 
• 5 
5 
5" 
? 

5 - ■ 
5 














Total number" of 
drops to □ IS solve 




75 






75 


. , Other 
observations 


dissoivect at 
6 drops. 


-looks ' 


bubbles!. 
-(c|tMiolya<l 

drofi 


- nof. 
drssolyecl. 

- IpoKs . 

clouicty 


-not' 
dissolvcc^. 

"foamy af 



Ask the children why the soda bubbled arvd the. other substances 
did riot. Explain that bubble -formation is a property that ap- ' . 
pears when soda. and vinegar are mixed. This kind of property, 
is called a chemical reaction.. A^k th,e children how this prop- 
erty of chemical reaction could be used to help Identify mate- 
rials. (If .the children had an unknown white substance and it 
? * bubbiled when mixed with vinegar, they could hypothesize that 
it might be soda.) . Tell the children that in, the next lesson they 
will dp some experiments to test for the property of chemical ^ 
Teactioa: . ^ ' 1 * . 

When-cleaning up,' set , aside all the containers of vinegar and 
a medicine dropper for each, to use in Lesson 20. flave a teani 
. of children wash and rihse the XQst of tljie droppers , and thr^w 
away the reaction trays and toothpicks. • . ■ 



NOTEr You will probably want to conduct both activities of 
the next lessen on the same day, while certalaequipm^t is, 
fresh and handy. For Activity B the children . should br^ngxin ' ' 
small samples of matetlals for testing* Do not reveal at this 
time what property is going. to be tested, . (The children .will 
find out in Activity A that the property is a reaction, of starch 
to iodine., and in Activity B they will be testing for the: presence 
of starch in the materials.) You will want the children to^brlng 
both starchy and*;non^'starchy--materia4s> so choose a random 
assortment like this following: 



any raw vegetable 
small piece of wood 



any raw fruit 



V 



stone 
leaf 

bits of cereal 



piece of J)rea3, cookie or other 
bakery product^' 

newspaper, piece of stationery 

dry beanS or peas 

plastic' ^ 

flower petals-^ ^ ~ 

"flour 



After instructing the children to bring in one or more small 
samples of the above, you may wish to say: 

Ifj THE NEXT LESSON WE ARE GOING TO LEARN A TEST TO ' 
TRY TO DISCOVER A NEW PROPERTY. WE LEARN HOW 

TO bo THAT, WE WtLL NEED SOME EXTRA MATERIALS LIKE 
THQSE rjUST MENTIONED FOR EXPERIMENTS USING THE 
. NEW TEST. 

CTo be sure the children get some noticeable results / be sure 
to have a raw potato and a banana on hand. These can bp cut 
^5 later for use by the, entire clas.s.) 



THE PROPERTY OF CHEMICAL iCEACTIQN . • , 

T?liis section concludes the work of the unit. It corisl&ts of ^ 
two lesson?. In Lesson 19 the children perform experiments 
in which they use phenolphthalein {fe^ernol-THAL-een) and 
iodine solutions, instead of the water and vinega^used in the^, 
solubility lessons. The purpdse here- is not to discover the\ 
^solubility of various substances, but tq discover a new prop.} 
^erty — some reaction, between a liquid and a.po^Jvder that 
will enable the children to distiaguish, one substance from 
others-. '.Eight white substance s^ are tested with tHe" s3ltittons 
in Activity A, and the observations re'corded. After discover- 
ing the reaction between sifarch and iodine in Activity^, the 
children test other materials' for the presence of starcn, in 
Activity B; (They use tha materials brought from home'for 
this!) I " 

In Lesson 20, the chilcfren use all "the data they have gathered 
TirSe'ctibnsi 6 and 7 and in Lesson 19, and aljthe skills and 
learning acijuired throughout the unit* It is an ej^treniely im- 
portant, lesson, both to you and to them; ^It is important to you 
because it gives you help in evaluating the children's under-- 
standing of\the purposes of the unit. Lesson 20 is important 
to. the children, because — In beffig given .the opportunity here 
to use what they have learned to identify a number of unknown 
substances — they will see that: ' , / 

1 . Each materiai has properties that distinguish it from other, 
materials.', .• . > 

2. If you know the distinguishing properties, you can'icTentily 
the materials. The more distinctive properties you can dis- 
cover, the better your identification is. ^ ^ ^ 

3. To discover the properties of a material, >ou have to know 
tests that reveal th6 properties; The more tests you can give 
a material, the more properties you can discover and use as 
guides to betiter identifications. 

Since the above are main purposes of the unit., do not let the 
. seemingly long preparation for Lesson 20 deter you from teach- 
ing it. »Upon. looking it^over, you will find that you have al- 
ready prepared and used a good many of the materials in pre- 
vious lesspnsi and are quite familijar with most of them* 
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Lesson I 9: THE PROPERTY OF CHEMICAL REACTION 



' ' In Activity A of this lesson the children continue to explore 
the property of chemical reaction that was introduced in ■ 
'Lesson 1 8, when the^class noticed bubbles resulting frpm the c 
mixing of baking soda, and vinegar. Here the children experi- 
^ ment with two.,different liquids and eight white substances. 
They make severaCdiscoveries, each ofVwhich is a change in 
. the property of color. >Of the color Change's , the one most 
useful to the children for further experinients is the starch 
and iodine result. The children are told that scientists often 
use iodine to detect the presenx:e of starch in a material. 
. They know starch is^ present if iodine changes the color of a, \ 
material to dark blue or purple.. V ' ' 

In Activity B the children put this new knowledge to,use^ to 
test various matericils brought from home, as requested at the 
i end of the, last lesson*: If the^ ha^ie not'brought the materials, 
suggest that they do so'tomonrow and schedule the activity for^^ 
then. If -they have brought the niaterials, you may wis'h to 
conduct bol^h. activities on the same day, while the children 
still h'ave the iodine solutions and medicine droppers at hand. 
There is another ^reason for cohciucting both activities on the 
s&me Hay — iodifte solution, even though covered, loses its 
usefulness for testing in a few days. . ( " , 

It is not necessary to use the term' "chemical reaction" in this 
- lessoA and the nfxt, unless you wish to do so. "Reaction'* is 
sufficient for thfe purposes. 

MATERIALS . ' , . . 

— Activity A ^ 

« ♦ 

From the OMSI Kit: . " ^ 

- 4 one-ounce' boftles of phenolphthalein solution 

- i onfe-ounce bottle of iodine- solution " 

- 30 one--ounce plastic dontairiers * 
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- 30 white plastic' covers (Remove these from clear pla'stic 
vials that measure 34 inches iniength and .inches in 
diameter. These covers also fit the 1 -ounce containers 0 

- 30^ medicine droppers 

- roll of plastic wrap 

.7 measuring cup ^ ^ . . ^ " 

* »• * 

Also necessary: ^ 

I cup of water ' • • • : . . > . 

- 8 different, white substances in 4-ounce containers, with , 
scoops (from previous lessons) . ' 

/ . ^ > - . 

- Worksl^eetTs 33 and 34 -v:^ ' - 



■ " Activity B 



•V — ^ raw ^potato 
- 'banana 



- samples of material brought by the* children* for testing' 
(vegetables, other foods; wood, etc., as suggested at 
Snd of Lesst)n 18) . ^ 

* 

- I knife, 

- 15 containers of iodine solution with droppers . 

- paper-, pencil • ^ 

•* / . » < . * 

- newspaper to protect. desks.. " . • . 

• « 

PREPARATION . 

The-majterials- for this lesson are based on .a class of thirty. 
Each child works independently, but each paj^r of children must 
share a container of phenolphthalein solution and .a contained 
••*of Iodine solution.* ' > ^ ' 

To. make the iodlmfesolution, pqun-one-half ounde of iodine 
(half the bottle) into one cup of water* Mix,* then^pouf about 



one-half ounc^ into 15 one-wnce containers. .Put a. white 
plastic cover.on each* con tai^ier, mark it "Iodine" and place 
on astray? Place I St^medicine droppers on this tray a.lso. 

The phenolphthalein is already in a highly dilute solution/ 
so It is necessary* only to pour one -fourth bottle into the- 
other 15 one-ounce, corkainers; 'Cover and label these "P'fieno" 
and place on a iray, along with 15 rtiadicine droppers. 

Also have ready^ for distribution by monitors, 4-ounce con-.. • 
^'.^ talners of the 8 different white substances you prepared at . 
the ;beglnningwOf Sectip,n 6 l Check to see that each substance 
still has a scoop in it,. ^ • 

PRdCEDUR-&^ • • . , • . ' '\ . 

Activity A '^-^ -> 

> " * j ' ' . • ' I 

^ Briefly review the findings of the previous lesson. Remind the 

children that vinegarSvas mixed with five different substances, 

but reacted with only one. Ask which substance reacted, and 

how it reacted. (The soda reacted to the vinegar by bubbling.) 

Then askr*- , 

COULD THIS PROPERTY OF REACTION^ BE USEFUL^ IN HELP- 
ING TO DISTINGUISH SODA FROM. OTHER SUBSTANCES?^ ^ 
(Yes.) HOW? (You could mi>c vinegar with each of the 'sub- 
stances. If bubbles formed in a substance, you" could 
hypothesize that it might be soda. )» . ^ * 

^ Reiterate for the children that in the case of mixing* vinegar 
and soda, "tlie property of reaction is useful in identifying 
a particular material/' Then ask if the children thin^ there, 
might be other reactions, besides the property of bubbling,. 

" that might occur if other liquids than vinegar were used 6n 
the white substances* Let them think about; this a little, • 
then ask:/ . * " ^ ^ * ^ 

WOULD YOU LIKE TO DO SOME EXPERIMENTS AND SEE 
WHETHER OR NOT YOU COULD DISCOVER OTHER REACTION 
PROPERTIES? 
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Show a container pf phenolphthalein solution and a container 
of iodine solutio^h. Ask the children to try to think of a way 
to use these two solutions to help discover possible reactions. 
The rribst common suggestion will probably be to mix each of • 
the solutions with the white substances from the last lesgon^, 
and see what happens. If a reaction occurs, it could be re- 
corded. The new reactions, if any, could be used iq help 
distinguish one substance from another. 



Explain that each child is.going to have the opportunity to 
discover new properties of reaction for himself; after hearing 
the procedure and receiving materials. Say that each pair of 
children will have to share one phenolphthalein container and^ 
one iodine container; and should now arrange ^their desks 
accordingly. If the desks slant; ask the children to prop the 
, . ikips up-^p that they are flat. Wfien the desks are in place; . 
arid •each child has'^a^flat surface on which to wprk, have them 
remove Worksheets 33 and'34 from their Student Manuals. 
Each child will also need a pencil.. 



Worksheet 33 
Ui\lt.26 




worksheet 34 
Unit 26 



Name . 



;OnSERVATI0>B 



PhcnolphthnlcInV ~' 

.. ■^■/. f 

^ 05 y Co /or. 
A<? / (react"' 07?$ 

I " ' 

/ . ■ ■ 



Iodine 



A/o re- etc fio^S 
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Go through the following experim.entab procedure with the chil- 
dren: 

Step I . I will come to yoijP'-tSesk ^nd'tear off a piece of plastic 
wrap that will fit over Worksheeti33. Each of you 
should place the plastic over Worksheet 33. The ex- 
periments will be done on the plastic.. As I am. doing 
this, r wilLexgl^in^hbw to use the rectangles on jthe 

' ^^orkshe^-r 



Step^i. Eacn rectangle bears^lhe name of a different substance. 

In each re.&tQng^Ie th'e^^ -Moni- . 

tors wil;l_Bring'-eat;trof you two' scoops of each the 
^ -eight different substances^n^med on the worksheet. 
;^or exampie*^/ you will getjtwo scoops of starch. One 
' . scoop will be put on^on'e biack circle of the starch 
. " rejctangle^and the other scoop of' starch will be placed 
on the other black circle in-'thp^sa'nie'^rectangle." 



Step 3, When ^very-ghtWnhas^^ s^ocr^-^each substance, 
monitors will^ririig ea^ltv^^^f^ children a container 
of phenolphthalein s^krflon and a container of iodine 
• — solution. They^will also bring ajn^dicine dropper for 
each solutrSnT These medicine droppers are not to 
be-^(5htaminated by switching from one solution to the 
, -othen.^' And .they are not to be left in the containers 
because they will tip them over. Great care, should 
' be taken in removing the covers from the solutions. 



^ as'the covers fit very tightly. Therefore^ grasp the *. 
container and hold it firmly in place with one hand, 
while uncovering it with the other, so that the solur 
* : tipa will not be spilled. Each child should start test- 



ing with only on^ solution. When he is done with 
that, he will exchange- the solution and the dropper 
for his partner s. Each child is to put only 3 drops of 
a solution on the substance in -the appro priate/l^tack 
circle. .He should do one experiment at a time> ob^ 
' Irving carefully. Observations should be written 

* \ ^ on Worksheet 34. ' 

^ Step 4. When partners have finished alLthe.ex*"pBriments, ^they 
! . • ^^'^"Sihould cpmpare their results. , . ' 



Assign two children to distribute each white substance with a 
scoop: (One child should serve one-half of the class, etc.) 
These children need not be too particular about the amount in 
^-.each scoopful, but they i&hQuid see that each student gets, 
enoiigh-foj his experiments* Ask all the students to cooperate 
in watchingthat^the^prpper substance is put in the appropriate 
rectangle* Ask the distr4b)jtors to be sure, too, that they are 
putting the material on the bla&kr^circles in the correct rectan- 
gles* Do not let all the monitors starlTclistributing materials 
a£ the same time; Let the first two get a head start, then send 
the next two with a second substance, etc. 

Assign another child distribute the 15 containers of phenol-^ 
phthalein and 15 medicine drof^pers, one of each to each pair 
of children. Have a different child distribute the iodine solu- 
tion and droppers in the same manner. 

Ask everyone to be careful not, to spill things. If a child's ' / 
^ expferini^nt sheet is, somehow spoiled, provide fresh plastic 
and other materials. 

When all of the ^children have thejr materials, remind them . 
again to use only three drcfps of a -solution on any substance. 
No more is ne'eded^-and besides they will be using. what is 
left for future experiments. At this time warn them not to 
taste any of the exp^^rimental -substances pr solutions, and 
remind them not to contaminate the droppers. Then have them 
,do the experime^nts . 

When eyeryone has finished experimenting and Vriting obser- 
Nations, have a child collect the* I 5 containers diphenolphthal- 
ein and th§^ 15 droppers that were used with this solution. Each 
container should.be covered, placed on a tray and set aside 
for use in Lesson^2p. ^ 

^ \ f ' ' ' 

--^If:y^"^plan'to*:conduct A'ctivity Bimmediatelyi^leave-^ th^^ iodine^ 

solution and^oppers with the children. Otherwise have the 

iodine and drop^^ers^^llected on a tray, covered, and saved 

for Activity B and Lesson^. 




Hold a class discussion of the results of the experiments. 
The children should have observed the following reactions:' 



1 . The property of color change when phenolphthalein solu-^- 
" tion is added to soda. The mixture ha^ a rosy color. 

2. The property of color change when phenolphthalein solu-^ 
\ tion is added to detergent "powder, T^his mixture has a 

rosy color, too; ' • 



J 



3. The property of color change when iodine solution is added 
to starch. The mixture .has a'-dark blue or purple color ~ 
. ' almost black. , - • 

Discuss the implications of these reactions a§ ^ests to help 
distinguish one substance from another. Tell the children 
- that scientists often use iodine oh materials to find out whether 
they contain starch. The pro^perty of reaction to iodijne the 
change to a very dark blue or purple ^color — is the clue that 
starch is^^resSnt. - ' 

Tell the children that in the next activity thdy Mlfehave a 
chance to test whatever materials they have brought for the 
presence of starch. n ^ ' 

Conclude the activity by askihg each child to pick up his x 
plastic sheet carefully, corner by corner, and throw it in the ^ 
waste basket. Save Worksheet 3^^for use in Lesson ^20^ 

Activity B . ^ . " ' \ ^ 

Have the children work in pairs or in larger groups, depend;- 
ihg on the number of materials they brought for testing. Let 
them have a little fun conjecturing about what ;they will' find. 

* Will a rock (flower petal, bean, piece of wood, etc J. contain 
starch?- How about the newspa*per> or a carrot? Then.have 

J_ them put each ma terial bn newspaper and then one^drop of 

io^line solution oh the materiafto testTt^Iof the presence of ; 
, starch. Assign some phildren to test various kinds of paper, 
including newspaper, a page in a Student ^Manual, good note 

, ' paper, ^etc. Ct5t up a p>otato and a banana, distribute the 
' pieces and have the children .test these; too. 
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When all the materials have been tested, hold a class dispus- 
sion of the results. You might like to list on the chalkboard all 
those items that showed the starch reaction and all those that 
did not. The children could copy these, to take home and dis- 
cuss further. 

Results of the paper tests should be interesting to the children. 
There will, be no color change on newspaper (and maybe not on 
note paper), but there will be a change in the paper in the 
Student Manual after a few seconds. 

.Some vegetables (such as peas, beans arid carrots and espe- 
'cially the raw potatoes) and some fruits (such as bananas) will 

show the property of reaction. So, generally, will breads, . 

cookies; cakes, cereals and,flour sam*ples. 



Lesson 20: .IDENTIFYI'NG UNKNOWNS BY THE^ PROPERTIES 

• Each of the three actMtles of this lesson is, quite\differ^^ , 

/ . from the others, but all are extremely valuable to the child ^ 

in showing him the usefulness of the unit concepts and skills. 

In A^c^tiyity A the-chlldren use a large foldout chart (Worksheet 
\ • 35) on which. some information about their experimental sub- i 
stances is already proyided/ They fill in the remaining blanks 
on this chart with data from Lessons 17, 18 and 19 (Work- 
-\ sheets 3 1 , 32 and 34). They now have information ^bout the 

shap.e, solubility and reaction properties of eight different 
white substances. . . 

In Activity B eacH child receives ap unknown substance and 
is cHallenged to identify it by testing its properties in sever- 
al ways^. First he. examines the material with a magnifier to 
see if the^ajrticles have a distinctive crystal-shape. Then 
he tests its spLubilify in both water and vinegar. Next he 
tests" for a reaction property, using phenblphthalein and 
\ " nbdine solutions. He keeps a record pf his findings on^iW^ojrk- 

sheet36. - . ^ \ _ 

As the children "^are daing their experiments in Activity B they 
' ' check with the chart on Worksheet 35^ to see if fheir substances 

* ' have properties similar to any of the substances described on 

" , ' the chart. .By the conclusion of their ipsts, most of the.chil- 

dren will be able to identify their subsi^ances . However, the 
two children WhQ,Work with'the surpriseuteiji (fine white sand) 
will be very curious about what they have.. There is no pic- 
ture of sand on the chart (though it may iG^ok v^ery much like-^* / 
sugar under a magnifies), it li not soluble, and it does not 
react to the chemicals . You' c^n^use this information to 'point 
out to the children that it is also useful* to know what sortie- 
thing is not. *In this case, the children know that the sand 
is not any of the eight other white substances. This narrows" 
" down an experimenter's hypotheses and suggests that he must 

find others.. " - ' ; " " "* \ 

i In Activity C the children discuss the findings of Activity B. 
Differences in results can be resolved by consulting jthe 
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chart (Worksheet 35), and by your eode letter label. The 
children .who feceived sand are told yhat their substance is , 
and the class fills in the information in th0 empty row at the 
bottom of the chart. The discussion should focus on the im- 
. portance of knowing, many properties of a material when try- 
ing to identify it, and on how to discover the properties (by 
tests). ' . ' ,/ , , ' 

"Conclude the unit By haying the children review all the prop- 
erties they studied and by having them describe the various 
tests they used. Encourage them to take their worksheets 
home to summarize forlheir families what they have learned^ 
in^this Uniti 



- Worksheets 31, 32 arid 34 from previous les^sons, and 
Worksheet 35 



MATERIALS 



Activity A (for each child) — " 



— pencil 




.^ Activity B (for each child) ^- 



- Worksheets 35 and -36 





— Activity B (for each pair) 



^ - " 4"TiquidsTn containers on styrofoam tray, each with its 
own dropper > as follows: ; 
4-ounce container of water 
4rounce container of vinegar (from Lesson 18) 
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I -ounce container of phenolphthaleln. solution (from- les- 
son 19) / • . ^-^^ 
I ^ouftce container of iodine solution (from Lesson 19) 

Activity C — ^ ^ 

- Worksheetc 35 and 3'6 " 

— pencil" ' ^ 



PREPARATION 



The materials fpr thisUesson are based on-a class of 30 chil- 
dren. Each child is given a reaction tray and. an unknown sub- 
stance to. test in it. Each pair of children must share a tray 
of the'iiquids. From the OMSI kit.^get 15 styrofoam trays and 
put four containers of liquids on each tray, with djdppers. In 
order to keep.^ the droppers free from contamination, ^he^EoI-^. 
lowing arrangement of the droppers and li quid s^on the tray is 
suggested: , * " > . . " 




0 



G 



r 



You will need nearly all the 4 -^ounce' containers 6i white sub- 
stantjes. that you prepared with scoops, at the beginning of 
Section 6, plus two new containers' of white^sand. All iden- 
tification must now be removed from these and. each substance 
^coderJAbAUd^withL.a^letter^of^the^al^ marking 
pen, code-label as follows: ^ 



A - plaster 
B - salt 
C - soda 



D - chalk 
E - sugar 
F - starch 



G - dry detergent 
H - Epsom s^lt . 
I - sand 
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PROCEDURE r ^ . ^ 

Activity A • / * • 

See that each child has Vs data from Lessons 17, I8^and 19 
(Worksheets 31 / ^2 and 34). Ask the children to open their 
manuals to Workshee*^ 35, which is a foldout sheet. Discjiss 
the chart on the foldout Worksheet; Tell the children that 
pictures arid some data have been provided, but that they 
should complete the chart by filling in* the data they collected 
on Worksheets 31 , 32 and 34. Circulate among them, check-, 
ing their work. - . ' 



Worksheet ^39 
Unit 26 



The letter of n^ eubetence U. 



Nane. 




1 . SOUmiLlTY 


REACTION 


I .-Water 

I* (79 drqp Umtt) 


Vlnetar 

(75 drop IlMlt) 


Pheno(phth«)eln 
(3 drope) 


Iodine 
(3 drope) 






no r«4rci<on 








no rMciion 


no rtsciion 


1 — 




no reaction 


• 

no reeciion 






- tufrt* pinK. dr 
ro&e color 


no re«£iion 






ne reaction 


-.turns W*ep bfue 

or pur|»te « 
- 4ifme«f ^liei ' 


1 it T^dnn 
1 • ^^tMj " 




no TMciitn 


no re«<tion 


1 dtu^ 




no reaci-i'on ^ 


^no rtection 


1 •'/TyWr^* 
1 - « f.Hi< 


- SmiW Al^tAM WlV^ AMM^ 


-tum» ro%« 

coto«^4 
OP bf jjKt red 


no reectlen 
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When everyone has transferred his data to the chart, discuss 
how the chart could be used. 

IF I GAVE EACH OF YOU AN UNKNQWN WAHE SUBSTANCE, 
AND YOU TESTED IT WitH THE TESTS LISTED AT THE TOP 
OF-THE CHART, HOW" COULD THIS CHART BE USEFUL? 

Th'e cHildr.en^should see that if they examined an unknown, 
white substance for shape, for solubility, and for reaction 
" properties, they could check their results with.-the chart to 
help identify the unknown material. . 

« ' . *♦ 

IN THE NEXT ACTIVITY I AM GOING TO GIVE, EACH OF " 

.YOU An unknown white substance, you will look 

AT THE SHAPE OF ITS PARTICLES THROUGH A MAGNIFIER, 
THEN TEST IT FOR SOLUBILITY WITH WATER AND WITH 
VINEGAR . FINALLY YOU WILL TEST FOR THE PROPERTY 
OF REACTION WITH PHENOLPHTHALEIN AND IODINE - 
SOLUTIONS . WHEN YOU'.HAVE. DONE EACH TEST, THIS 
CHART SHOULD HELP YOU EITHER TO IDENTIFY YOUR 
SUBSTANCE OR TO TELL WHAT IT IS NOT. • 

Activity B: Testing • ' , . . 

„ Remind the. children that in this activity each child is going 
to receive an unknown. white substance to try to identify by 
tests. Explain that each. pair of children will be sharing 
the tes.t liquids.' Have-each. pair push their desks together^ 
Now ask each child to. remove Worksheets 35 and 36 from 
their Student Manuals, put away the manuals and take out 
a pencil* If desks are slanted, have the tops propped up 
so that each child ha^ a flat surface on which to work. 

Describe the experimental procedure the cjhUdre^^^ 

. Step I . Monitors will bring to each pair: " 

^ a tray with 4 containers of liquids / each with its 
own- dropper . ^ 
* ^ ' * ? magnifiers.^ . ^ ' 

"2 reaction, trays 
4 toothpicks 

2 containers of unknowri white substances 
(Both children will not necessarily get the same 
kind of substance.) 
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From these Items , each child should take two tooth-. 
' picks and one of" each of the other materials. (They 
will share th^ liquids ^ Then the children should • 
write the code letter of their unknown substance at 
' the top of Worksheet 35 (chart). 

iStep 2. Each child should put his reaction tray on the appro- 
priate place on Worksheet 36. The round well .will 
not be used — . it should be placed so that it is on . 
y V • u^he left of the worksheet and then be ignored. . 




Each child sh6uld put 

scoop of hfs suh-r 
stance in e^ch of the 

4 rectangular wells in 
his reaction tray. 

The magnifier should 
be used to examine the 
substance. Then the 
pictures of substances « 
on Worksheet 35-should ' 
be examined to see if 
any resemble the un-. 
known substance. (Dis- - 
cuss an example.) 

The children should try 
to, dissolve their sub- 
:Stances with water and 
then with vinegar. They ' 
should use the same pro- 
cedures they used in "pre- 
vious solubility- lessons.*^ 
That is, they should add 

5 drops of the liquid and 
stir — then add .1 drop 
at a time until they get 
to 10 drops and stir again. 
After 10 drops th#y should 
add 5 at a time. They 
Should keep a tally of the 
drops used in each case. 



■ STOP ADDING DROPS AT' ANY" TIME THAT YOU 
THINK A SUBSTANCE IS DISSOLVED — WHEiST NO - 
•PARTICLES CAN BE SEEN IN THE SOLUTION. 
EVERYONE SHOULD STOP AT -75 DROPS WHETHER 
THE StJBSTANCE HAS DISSOLVED- OR NOT. 

• ■ ■ : f 

When a substance has been dissolved, or when 75 ^ 
drops have been added to it, the children should 
stop'and record their observations on Worksheet 36 
in the appropriate place. Then' they should check to^ 
see if their observatiorfs. match any on Worksheet 35'- 
(the chart). (Discuss an exarriple.) • 

Step. 6 . When the children have tried the solubility tests, 
' tliey should try the reaction tests with -3 drops of 

phenolphthalein solution and 3 dfbps of iodine solu- 
tion. Observations should be written in the proper ' 
columns of Worksheet S6. Again the children should ■ 
' ■ check, all the infolrmation in the reaction columns of • 

Worksheet 35 to see if any correspond with their own • 
• observations. (Discuss an ^xamplp.) 

Step 7. If a child checks all the .rectangle^ for a given sub- 

stance on Worksheet 35 (chart) , he can.theh hypoth- " 

esize that he has that substance, , 

■ • ' _ , j 

Step 8. When you think the. children undeipsta'nd what they . 
are to do, let them go lEolt! ' j . 

' j. y 

If a child wants_to hypothesize about. the identity/Of his mate- , 
riaL afternust one or two tests (or aftecj.uslrdhecking its shape), 
'say, "You" may be right, but, you need mbre evidence to make 
a good hypothesis. You should do all thetests'to get the best 
possible identification." • j . . ' 

When the testS/'are finis hed'-'and the observations are all re- 
corded on Worksheet 36,' ask eacjh child| if he identified .his . 
substance. as on^ of t^fose described 6n']Aroirksheet.35. (Most 
'will have done sb*) Tell the children toisave both worksheets 
to discuss in the next activity. j . . • . 



Activity C: Discussion and Review ' ' , ^' . ^ 

Ask all the ^ildren who worked with Substance A to give " . 
their results from Worksheet* 36. Ask-' what substance they 
think they have and why th^y think so. , If. there are discrepr- 
ancles in their test results^ have- the children resolve these 
by checking for possible errors they may have made in test- 
ing or measuring or tallying-. 'Write ©n the chalkboard the 
code letter* "A" and thf identification the children agree upon. 

Do t\\is for each substance-. The findings* of the children* 
. ;who worked with Substance I (the sand) should be quite puz- 
,>illng to them. Under the m&gnifier the material may have 
.lookerf much like sugar/ but it did not dissolve and it did 
not react^to* either the phenolphthalein. or the iodine solutions. 
Let the children hypothesize about what this substance could 
poss^ibly be. Th ey . may ^ say. that Substance I does not fit aay 
. of the descriptions of the ei§ht^sub?tances on Worksheet 35 
\ ^nd. so probably is not any of these. (Some child;may even * 
^hazard a guess that.the substance is sand.) Accept all hy- 
potheses, then list the code letters and cprrect names on ^ 
the chalkboard so that everyone can see if he has identified 
' ' his substance properly. P6int ou^ the importance of the work 
. with sand 'by as king r v • - 

, IS IT HELPFUL TO KNOW THAT SUBSTANCE I IS. NOT ANY 
OF THE EIGHT SUBSTANCES LISTED ON WORKSHEET 35? 
(Yes. It narrows down the field of investigation,) ' 

WHAT WOyLD WE HAVE HAD TO DO IF I" HAD NOT TOLD 
YOU THAT SUBSTANCE J IS SAND? (We would have had , 
• sto make\new hi^potheses and learn new methods of. test- 
ing for o'ther properties.) ' . , 

Tell the chil'dren that there^are tests for discovering whether 
or not a substance is sand (it melts at very high temperatures, 
^for exampie), but the neces^^ary equipment would not be avail- 
able to a regular classroomv Havie the children write ^*Sand" 
and^the test results for it in the empty row at the bottom* of 
Worksheet 35. (Encourage them to take their completed work- 
sheets home later to shovy to and discuss with their families.) 



Condluda by having the children review each property they 
studled'lrk this , unit (hardness, density, etc.). .Ask them to 
recall howVthey tested for each property. Emphasize th^ 
three ideas\given in the Section 8 Commentary / Namely: ■ ^ 

I . Each material ha? properties that distihgUish^it from other 
materials .\ / . 



2. If you knovAthe distinguishing properties, you can identify 
the. materials. The more distinctive properties you can dis 
cover, the better your identification is. • 

'V ' V ' ^ 

'3. To discover th\; properties b fa .material, you have to "know 
.tests that.r,eveal the properties. The more tests you can 
give a materia} A the more properties you can discover and 
use as guides to foetter identific;ation.s^. 





^The' front and -back' covers of .'thi s boo|c are"- ' 
^hotograplT^ taken t>y .Sbnl^ 'FolrsetR. ^ tthey'*' 
' show .eigfht white substaiipes ^studied injthls- 
unit, Thd substances air^e^ table; ^^^it^T'c^^ 
starch-, EpsQm s^lt?j siigarv^'dr^ detergentvy*^ ' 
'taking ,sodav povsjaf red chalk* ^nd plas^^r. 



Oth*ef highly %ntegntf led pictures of tjhese ^-.^ 
substapg:e^ on Worksheets ;2\j^^i2: -35 'v.,**' 
*were taken es pediaiiy^ ^or thi^^ Unit;bV: \ ;l 



I * v ^ 



V S,€iritqr Photographer; ' ■ 

AudlV yisual' Resources ^ * " 
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